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THE BAND-TAILED PIGEON IN CALIFORNIA^

WALTON A. SMITH
Wildlife Management Branch

California Department of Fish and Game

The Pacific band-tailed pigeon (Columbia fasciata tnonilis) follows two
main migration routes as it enters California from the north. One route
is along the Coast Range, and the second is along the western slopes of

the Sierra Nevada. The fall southward migration is usually complete by
October, and the spring migration is complete by the end of June. Resi-

dent pigeon populations mix freely with migrating flocks in the foothill

and mountain areas of central coastal California during the fall.

A seasonal fluctuation in the diet of the pigeon was disclosed by the

analysis of 157 pigeon crops and gizzards. The fall diet consisted pri-

marily of mast, supplemented in the spring with cereal grains. Orchard
fruit showed up heavily in the spring and summer diet. The berries and
fruits from native trees and shrubs were important summer foods.

The salt content of water samples from two springs regularly visited

by pigeons was 12,406 and 2,025 mg/liter. The ions most prevalent were
calcium, sodium, chlorine, and sulfate.

Agricultural depredation on some crops by pigeons is recognized, and
several methods of controlling damage to crops are discussed.

During the period 1952 to 1958, 3,084 pigeons were banded, from
which only 170 bands were recovered. About two-thirds of the bands
were recovered in California.

Destruction of habitat and hunting ore the main factors limiting the
band-tailed pigeon population.

Weights of adult pigeons varied from 340 to 470 g for males and 280
to 440 g for females.

INTRODUCTION

Tlie Pacific biind-tailed pigeon is one of llic importaiif iiii^ratory >^;mie

birds ill flio Pacific Coast states. It is limited in California and other

western states. The mountain and foothill areas of the western states

are the breedinji: rang-e, and California is the primary winferiiifr ranpre.

The Pacific band-fail is nsnally restricted to the -western side of the

Sierra Nevada, and the Pocky IMountain subspecies is found in the

mountain areas to the east of the Sierra Nevada. However, Paige (1964)

reported the band-failed ]iif>'eon from the Panamint T?anp:e of eastern

California. 11. T. Ilai-per (]iers. comm. i I'cported band-tailed pijjreons

from the Ar<>-us Pan.u'e in Inyo County and fi'om the eastern slopes of

the Sierra Nevada near Little Lake, California. A.L. Hensley (pers.

comm.) reported pigeoiis i'rom the vicinity of Ilaiwee Reservoir, near

Olancha, California, in Inyo County. There was no indication of the

subspecies involved in aii\' of these reports.

Since California is the principal wintering area of th(> band-tailed

pigeon, it is imperative to gather data that will assist in the manag(>-
ment of the species, insure fh(> perpetuation of the si)ecies, and ])rovide

for hunter recreation when a surplus exists. If is estimated that by
1 Submitted for publication INlarch 1967. Tliis study was made possible with fund.*; of

Federal Aid in Wildlife Restoration, California Project ^V-42-T{, "Management
Studies of Upland Game", and I'roject V\'-4T-R, "Upland Game Investig-ations".

(4)



BAND-TAILED PIGEON IN CALIFORNIA 5

1980 tliere will be from 41,000 to 55,000 pigeon hunters and that the

maximum annual bag will be 400,000 birds. This will approach the

potential take allowable while maintaining the resource (California
Fish and Wildlife Plan, 19G6).
The primary objectives of this study were to determine: (i) migra-

tory habits, (ii) food habits, (iii) population dynamics determined

through trapping and banding, (iv) the effect of hunting on the popu-
lation, and (v) the extent of depredations on agricultural crops.

This paper is a report on the results of the second part of a two-part
study. The first report, on the nesting and reproduction of the band-
tailed pigeon in California, was published earlier by Macgregor and
Smith (1955).

METHODS AND MATERIALS

The migration routes and concentration areas WTre determined from
band recovery data, observation, and personal interview of Department
personnel.
Food habit information was obtained from field observation of feed-

ing birds, field inspection of bird crops, and laboratory analysis of

crop contents collected during the hunting season and from birds

damaging agricultural crops.

Samples of water were collected from mineral springs near Bangor,
Butte County, and French Gulch, Shasta County, and anah^zed by
department laboratory technicians to determine why these springs were
used by pigeons.
To determine the population dynamics of the pigeon, trapping and

banding operations were conducted throughout the year wherever pi-

geon concentrations were large enough to justify trapping effort. A
sample of the breeding population was banded on the Monterey Penin-

sula, on the central coast of California. A segment of the migratory
population wintering in California was also banded.

Several types of traps were used with varying degrees of success.

A drop trap similar to the one described by AVooten (1955) was used
with only limited success. A variation of the cannon-projected net trap
described by Dill and Thornsberry (1950) was used successfully at

mineral springs and in grain stubble fields. In areas where the cannon
net trap could not be operated, a box-type trap with an opening in the

top which could be closed manually by a sliding door of net was used

successfully'. The basic pattern of this trap was developed by technicians

of the Colorado Game and Fish Commission (letter from Oregon State

Game Commission).
All captured birds Avere banded with No. 5 aluminum bands supplied

by the U. S. Fish and Wildlife Service. Some birds were color marked
successfull.y with a picric acid and alcohol solution.

The most acceptable trap bait for band-tailed pigeons was wdiatever

the birds happened to be feeding on at the time. In the Carmel area
various grains such as milo, cracked corn, and whole barley were used
with good success. During the summer, after the barley fields had been

harvested, barley was acceptable. Attempts to bait with food other than
what was naturally available to the birds were usually unsuccessful.

Plumage characteristics were used to determine the sex and age of

the trapped birds. The plumage characteristics used in sexing and



b CALIFORNIA FISH AND GA:ME

agiiiy the birds were the intenso pinkish brown on the breast of the

male, whicli extends farther along the bi-east and thinks than in the

female, and the more extensive and lniLilitir hronze-greeu iridescence
on tlie neck of tlie male. Juvenih's \V{'re separated by the i)ale edging
oil the Aving eoverls. hiek of a distinct neck ci'cscent. and general hick

of achill coloration.

As a check on the ability ot' ;iii dhsci'xcr to determine the sex and
age of pigeons, tlu' birds in the Imnier's bag ^vere also inspected in-

ternally for sex characteristics. A<^i' was determined by the ])reseiice
of the bursa of Fabi'icius in immatui-e birds. The hunter kill tlata were
obtained by clieckiiiL;' hunters lea\in<j the hunting areas and recording
the iiuider success.

A dynamic life table was constructed I'l-nin band recovery data for

band-tailed i)igeons to determine the ajinual mortalitv rate (method of

Hickey. 1952).

RESULTS

Migration

It is dit'ticult to ])reilict the route of travel or the time of arrival of

migratory pigeons wintering in California. There are two main migra-
tion routes for birds coming from the iioilli. One route is along the

Khnnath ]\Iountains and Cascade TJange in north central California

and south along the Coast Kanges in the western part of California
;

the second route is from the Cascade Eange south along the western

slopes of the Sierra Nevada in central California to the Tehachapi
]\lountains in south-central California and continuing into southern

California ranges. One route may be used one year to the complete
exclusion of the other. Periodically there is a shift from one side to the

other of the interior valleys. A flock of j)igeons was observed crossing
the Sacramento Valley near the Sutter Buttes by Wallace Macgregor
in ]!)r)4, and large flights of pigeons were reported crossing the San

Joaquin Valle.y near Reedley during the fall of 1951 (State Game
"Warden G. Davis, pers. comm.). Neff (1947) reports an observation by
E. J. Little of 9,000 pigeons stopping to feed in the Sutter Buttes. a

small iHountain range in the center of the Sacramento Valley, on Feb-

ruary 20, id;}."). Xetf also reports seeing two migrating bands of pigeons

flying across the Sacramento Valley in May, 1932.

The time of arrival of migrating pigeons in California varies from

year to year. Usually by late Se]itember the majority of the birds from
the northern coastal states have arrived in California and by mid-

October are entirely within the State.

The time required to complete the southward migration depends
largely upon the availability of food along the migration route. During
years when there is a scarcity of food in northern California, the south-

ward migration is completed earlii'i- tli;in usual.

The noi'tliward migration is usually c(iin|)lete by the first of April.
and \ei'y I'i'w large jiigeon conc(>ntrations can be found in central and
southern Cidifornia after Aj)ril. Clover (1953) gives the last wei'k of

March as the ai-ri\;d time of spring migrants in the Humboldt Bay
area. There the migration was at its peak in Api'il and continued

through dune. During this stu<ly it Avas discovered, tluit imt all pigeons
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migrated. Nonmigratory flocks of band-tailed pigeons were found in

the Monterey Peninsula area and in the foothills near Pasadena in

southern California. Migratory flocks often visited areas where resident

pigeons were present.
Band recoveries indicate that summer resident pigeons often join

fall migrating flocks to feed in foothill and mountain areas. Color
marked birds, banded during tlie summer on the Monterey Peninsula,
were frequently observed with large migratory flocks feeding in the

barley stubble fields near Carmel Valley, near Carmel on the Monterey
Peninsula, during the fall. At least six banded and color marked birds
were killed by hunters in tlie Santa Lucia Mountains, Monterey
County; one was banded as a nestling during the summer at Carmel.
Of the birds banded during the months of June, July, and August on
the Monterey Peninsula and in Carmel Valley and recovered during the

hunting seasons, none was recovered over 2 miles north from the band-

ing stations.

Food Habits

The feeding habits are unique in tluit the birds are highly mobile
and are able to locate food concentration areas readily. Traditional

feeding areas may not be frequented if food shortages exist. Also,
rather large items are taken, considering the size of tlie birds. Whole
acorns and fruits are taken from trees by an assortment of acrobatic

maneuvers, especially during the fall and winter. The birds often cling

precariously to small branches to obtain acorns and fruits, then drop
to a lower branch and continue the search for food. When searching
for acorns in the forest duff, the leaves and debris are flipped aside by
a horizontal movement of the beak. In grain stubble, pigeons feed in

a compact group and advance by alternately walking and flying to the

front of the advancing flock.

Feeding is usually restricted to one abundant food item, even though
other food may be readily available. AVhen food is limited, however,
pigeons often resort to a variety of food items. Eecognizable quantities
of material from five different plant species were found in a single

crop examined on July 22, 1953, which contained barley, blackberries,

huckleberries, manzanita berries (Arctostaphylos sp.), and immature
acorns.

If allowed to feed undisturbed, pigeons may gorge themselves to the

extent of impeding normal flight. Some examples of the quantity of

food items eaten by individual pigeons are 42 acorns (H. M. Worcester,
1951, pers. comm.). Ill madrone berries (H. M. Worcester, 1951, pers.

comm.), 80 dogwood fruits (Neff, 1947), 104 eascara berries (Neff,

1947), 879 wheat kernels (C. li. Lostetter, 1959, pers. comm.), 615

barley seeds (Gilman, 1903), and 97 green apricots.

Crop and Stomach Analysis

The samples of food habits data available are limited and scattered

over a long time period and over a wide area of California. Samples of

food habits material collected over an 8-month period indicate a definite

seasonal pattern in the feeding habits of the pigeon (Table 1).

Mast food items, mostly acorns, are used heavily in the fall, winter,
and on into the spring, being supplemented by cereal grains, primarily
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waste grain from harvest operations. Orchard fruit shows up in the

spring food habits sample ; liowever, it must be pointed out that those
stomach samph^s containing orchard fruit were obtained while investi-

gating depredation complaints. Some of the crops examined during
the month of February contained cereal grains and were noted in

collections made on depredation investigations.
The berries and fruits from native trees and shrubs become important

in the diet as the sunnner progresses.
Data from other western states (Neff, 1947) show a similar pattern

but add piiion pine ^Pinus cembroides) nuts to the mast of fall and
winter foods. Tlie absence of pine nuts in the California data reflects

the meager sampling. Few pigeon hunters in the Frazier Mountain-
Mt. Pinos region of Kern County fail to recognize the significance of

a good piiion pine mast crop in relation to their limiting success.

Field analysis from scnirces other than tliose analyzed in the depart-
ment laboratory also document the significance of cultivated crops in

the pigeon diet during years of severe winters and failure of natural
food supplies. W. L. Farsehon (1949, pers. comm.) found barley, oats,
raisins {Vitus sp.), and almond buds (Prunus sp.) in the crops of 18

pigeons examined in Fresno County during March and black walnut

{Juglmis sp.) buds and olives during April. R. Henry (1949, pers.

comm.) found olives, barley, oats, and mistletoe {Phoradendron sp.)
berries in the crops of 14 birds examined during April 1949 near
Fresno.

Gnf

Gravel or grit in the gizzard is required for grinding most of the

food eaten by band-tailed pigeons. Of the gizzards examined by the

department laboratory, 29 contained 36.8 cc of grit, an average of 1.3 cc

per gizzard, which was 19.5% of the total gizzard contents. The ratio

of grit to the total crop and stomach contents of 639 crops and stomachs

reported by Neff (1947) ranged from 7.5% in July to 31.4% in Decem-
ber and averaged 18.4%. Neff also found that grit was utilized by the

birds every month of the year but in lesser amounts in gizzards con-

taining hard fruit pits.

Wafer

Water is required daily and is usually taken at midmorning and in

late afternoon. Drinking is accomplished by dipping the bill into the

water and swallowing without raising the head. Fresh water in shallow

basins is used for bathing.
Mineral water is eagerly sought by pigeons during the early fall and

winter. This apparent craving for mineral salts is well known, and
certain springs are famous concentration areas. Seawater is also used

in California and "Washington.
The analysis of the water samples from French Gulch Spring, Shasta

County, and Bangor Spring, Butte County, which were heavily used,

is as follows: conductivity (mhos/cm) 21.0 and 4.5, respectively; total

salts 12,406 mg/liter and 2,025 mg/liter, respectively. The mineral con-

tent of the springs in mg/liter were : calcium, 1,140 and 57
; magnesium,

7 and 18; sodium, 3,505 and 936; chlorine, 6,635 and 492; sulfate, 1,074
and 230; and bicarbonate, 45 and 292. The total salinity of French
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Gulch Spring is over six times that of Bangor Spring. However, the
water analyses do not yield a clue to why ])igeons prefer these waters.

The possibility is that tlie eraving for some specific ion is related to

some physiological fuiietion, such as the digestion of mast.

Relationship to Agriculture

The relalionshij) {>[ band-tailed pigcous to agricultural opci-ations in

California lias a long and edntroMM-sial history, dating back to at least

]IM)(). Damage to crops, i-e.d or allei:(Ml. causes concei-n to agriculturists
and to state and federal game agencies charged \villi maintaining and

protecting the j)igeon ])oi)ulation.

Most crop damage com{daints occur in late Avinter (February),
spring, and early summer (.lunei. ;it which lime the staple food items

become st-arce. At this time the ])igeons utilize the fruit and seeds of

cultivated crops, as well as buds and flowers of native plants. During
fall and winter, cereal grains are sought from stubble fields. In late

winter and early spring, seeded grains ai-e utilized. Late spring and

early summtu- often find the birds in the valley areas ])icking buds and
immature fruit from plum, ))riine, apricot, })each, and almond orchards.

Band-tailed pigeons may danuige orchards and vineyards extensively,
often causing considerable financial loss by their destruction of fruit

and fruit buds, and breakage of s])r()uts, shoots, branches, and vines.

Most complaints of damage to seeded or sprouted grain must be dis-

counted because band-tailed pigeons do not dig or scratch, nor do they
pull sprouted grain. Examination of the crop contents of birds collected

in sprouted grain fields revealed that only dry, exposed, and unsprouted
grain was eaten. Usually some extra seed that is not covered by the

planting operation is available.

Methods of Crop Protection

Appeals for relief from crop cU'])rt'dations usually come to the atten-

tion of the law enforcement or management braiudies of the California

Department of Fish and Game, who in turn notify the U. S. Fish and
Wildlife Service management agent concerned. The usual procedure is

for rein-esentatives of the state and federal agencies to investigate the

complaint and attempt to devise an efficient and economical method for

prevention or alleviation of damage.
The first attempts to prevent crop damage by pigeons were by killing

or herding the birds by gunfire. However, these methods brought about

I)ublic criticism, especially when the birds were killed. Herding, under
strict control, is more desirable. Rope firecrackers and shell crackers
were used effectively for dispersing band-tailed pigeons from apricot
orchards in Ilemet Valley, Riverside County, during the .spring of

lO-lS. The use of such devices is described by ^Mosby (1!JG3;.

Other Complaints

( >ccasionally ])igeons are accused of spreading disease. In April l!*52

an olive grower near Corning complained that ])igeons migrating from
southern California were spi-(>ading olive scale to his trees. Investigation
revealed that olive scale is motile only during late summer, and there

is no possibility of spr(mding the disease during spring. Again in April
1954, an outbreak of erysipelas in domestic turkeys near Groveland was



BAND-TAILED PIGEON IN CALIFORNIA 11

attributed to band-tailed pigeons visiting the feed trough. A check of

the area revealed that hogs were kept in a pen adjacent to a turkey
pen, and since hogs are the most important host of the disease it seemed

probable that they were the source of the infection. Cunningham (1916)

reports that stockmen in the vicinity of Sequoia National Park believed

that wild pigeons carried hog cholera from the upper San Joaquin
Valley and infected their hogs. There was no evidence to support this

contention.

Trapping and Banding

Before 1952, only 654 band-tailed pigeons had been banded in all of

the West Coast states, including 243 in California. From 1952 to 1958,

3,084 pigeons were banded by the California Department of Fish and
Game and the U.S. Fish and AVildlife Service. From 15 banding sta-

tions, 408 pigeons were banded in 1952, 1,391 in 1953, 848 in 1954, 314

in 1955, and 123 from 1956 to 1958. During the banding period, 1,545
birds were banded on the Monterey Peninsula.

During this banding period, 1,814 pigeons were sexed and aged.
There were 1,561 adults (716 males, 822 females, and 23 not sexed).
The immatures totaled 253. The immature to adult ratio was 16 :100,

and the adult male to adult female ratio was 87 :100. The immature to

adult ratio seems quite low in view of the higher ratios obtained

during the hunter bag checks (46 immatures :100 adults). It seems

probable that the adult segment of the population that was banded
after the hunting season and before the nesting season weighted the

immature radult ratio toward the adult side. Also, the banding opera-
tions extended throughout the year, and sexing and aging by plumage
characteristics were performed more accurately during the breeding
season. An error of at least 10% is recognized in sexing.

Band Recovery

Only 170 bands were recovered from the 3,084 pigeons banded in

California from 1952 to 1958, a recovery rate of 5.5%. This rate of

band recovery is very low in comparison with rates of 30% or more
in waterfowl and other game birds. Most of the total band recoveries

were from within California, 113 (66.5%). Most of these birds, 67

(59.8%), were recovered from Monterey County. For Oregon, Washing-
ton, and British Columbia, the number and percentage of recoveries

were 28 (16.5%), 20 (11.7%), and 9 (5.3%), respectively.
From birds banded in Oregon and Washington from 1952 to 1958,

106 bands were recovered in California, 89 from Oregon and 17 from
Washington. One of the birds banded in British Columbia in 1955 was
recovered in California. It is of interest to note that 27 (25.2%) of
these birds were recovered in Monterey County.

The total number and percentage recovery of bands recovered each
year after banding was 61 (38.2%) the 1st year, 38 (22.4%) the 2nd
year, 31 (18.2%) the 3rd year, 16 (9.4%) the 4th year, and 20
(11.8%) the 5th year and after. Bands recovered from hunters totaled
145 and represented 84.7% of the total band recovery.

Eleven bands were recovered the 5th year after banding. The longest
period of time from banding to recovery was 9 years 5 months and 7

days; another band was recovered in 9 years 3 months and 10 days.
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Hickf'V (^9^^2) nnd otliors used band rooovory data to estimato avian

mortality based upon the inference that tlie annual rate of band

recovery is representative of the annual mortality of a population.
ConstiMu-iidii of a mortality table from data in this study results in a

first ycai- mortality of 38.2% and an average annual rate of 42.7^< for

birds of all age classes.

Nonhunting Mortality

Tlie natui'al decimating facir)i's aCreeliiig band-laiicd ))igeon p((|)ula-

tions are not Avell known. Edminister (10.54) lists predation, disease,

parasites, and accidents as mortality factors.

There arc few records of predation on band-tails. AVillai'd HOlfi)
mcniions tliat }n'airie falcons and Coojier's hawks took a considci-ablc

toll from tlocks in Arizona. Clarence Cottam in a letter rci)()rtcd by
Neff (1947) stated that a "specimen was struck from a tlock by a

sharp-shinned liaA\k'". V. C. Edminister (1954 letter I'rciin J. A. Neff)
savs "the goshawk is potentially the worst iVigcon ])redator in Colo-

rado".
Harassment of ])an(I-tails by i)re(lat()rs is ])i-(il)ably iiiiieli greater

than actual ])redation. McLean (1925) observed a western goshawk
pursue band-tails in Yosemite National Park. McLean also reported

(pers. comm.) that on November 14, 1944, he saw a gosliawk catch

a pigeon from a flock leaving a water hole near IVFontgomery ( "reek,

Shasta County. A Cooper's hawk w^as observed diving at a lloek of

about 25 pigeons perched in a dead tree in Monterey County. The

pigeons droi)})ed away toward the ground and easily evaded the attack.

Band-tailed i)igeons are probably most vulnerable to predation dur-

ing the nesting season. E. A. Kitchin (Bent, 1932) noted tliat in Wash-

ington on more than one occasion a gray squirrel had taken ])osscssion

of a pigeon nest to use as a foundation for its own nest. He said that

apparently the gray squirrel was the oidy enemy these birds had

during tlie bi-eeding season. Macgregor and Smith (1955). in re])()i'ting

on the fate of unsuccessful nests on the Monterey Peninsula, cited two

instances of predation by ja3^s and ravens, and one case oF failure

caused by lunnan interference.

On several occasions sick and dying pigeons lia\'e ])cen I'epoi-ied in

California. Barely have such reports been received soon enough for

investigation. At a ranch east of Gonzales visited in ]\rarch lf)53. about
200 pigeon carcasses were found. An eye witness said that befoi-e the

birds died "they would become weak and flightless ami tlop aitMmd
on the ground". The witness caught some birds and saw a black

looking liquid dripping from their beaks and their months a]ii)eai-ed

black. Twelve carcasses sent to the de])artment laboratory sliowcd no

significant pathological symptoms. Poison was suspected. Init a posi-

tive diagnosis could not be made.
No evidence of disease or parasites was detected in the blood and

fecal samples from 70 pigeons trapped during ^March 1953 near Bangor,
Butte County.
A i'ei)oi-t by Neff (1947) mentions sick pigeons taken in Washington.

Upon examination, no evidence of poison or bacterial dis(>ase was
found.
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No mention is made in the literature of specific diseases causing
losses to pigeons. Neff (1947) found 12 flatworms in the abdominal

cavity of a Colorado specimen. A specimen of the nematode Ascarida
columhae was discovered in the connective tissue of a bird collected

in California on September 16, 1952, near the upper Van Duzen River

(M. N. Rosen, 1959, pers. comm.). A bird collected near Bangor, Cali-

fornia, was parasitized by nematodes. Of 109 pigeons in Colorado
examined by Robert M. Stabler (Neff, 1952), 21 (19.3%) reacted

positively to trichomoniasis {Trichomonas gallinae). Trichomoniasis
was found in a dead pigeon from Shasta County in March 1967, but
no large-scale die-off was reported.

Accidental death due to collisions with various obstacles occurs

periodically. One young bird was killed by flying into a picture window
in the Carmel area.

From the available evidence it is difficult to assign predation, disease,

parasites, and accidents as major mortality factors. The theory that

populations with a low breeding potential usually have a low death
rate appears to apply to the band-tail. Man, through destruction of

habitat and hunting, is the main factor in limiting band-tailed pigeon
populations.

Hunting

H'lsfory

Before the early part of the 20th Century, hunting for band-tails

was spread over a long period, with unrestricted bag limits and hunt-

ing methods. Hunting for sport was limited to the few hunters residing
near one of the fall concentration areas. Although some market hunters
took band-tails along with other game, their activities did not seriously
affect the pigeon populations. The erratic distribution and the inac-

cessible habitat of the band-tails, together with poor transportation
facilities for the hunters, served effectively to prevent overharvesting
until 1911.

Indiscriminate shooting of large numbers of pigeons occurred when
birds were thouglit to be damaging planted grain near Paso Robles

during the fall and winter of 1911-1912. This aroused conservationists,
and Joseph Grinnell w^as commissioned by the California Fish and
Game Commission to appraise the status of the band-tailed pigeon.
Soon after Grinnell (1913) recommended that a closed season was
advisable, the band-tailed pigeon was included in the provisions of

the Migratory Bird Act of 1913. This act directed the U.S. Fish and
Wildlife Service to adopt protective regulations for both game and
nongame birds. The 5-year closed season, authorized by the Migratory
Bird Law of 1913, was extended another 12 years by the Migratory
Bird Treaty Act of 1918.

During this period of total protection, band-tailed pigeons increased

rapidly, and by 1924 crop damage complaints became so numerous
that permits authorizing the killing of pigeons causing damage were
issued by the U.S. Fish and Wildlife Service.
The first open season since 1913 was permitted in California in

1932. This season, from December 1 through the 15, with a bag limit
of 10 birds, remained in effect until 1945. In 1946 the season was



14 CALIFORNIA FISH AND GAME

lengthened to 30 days (Scpteiubcr J tliroujzli September 'SO). In l'J47

the season Avas moved back to December. Tlie first split season Mas

inaugurated in 1948: from September 16-30 in the northern counties

and December 17-31 in the balance of the State. A split season, with

changes in the counties included, has been continued to the present
time. The bag limit was reduced to eight birds in 1950 and six in

1951, and was restored to eight birds (the present limit) in TOGO.

The oi)ening date of the first hall" of llir inr)3 season was moved
to October IG because of data obtained in a hunter bag check in 1952.

It was found that milk glands were present in various stages of

activity in 60% of tln' adult birds checked, indicating that a large

percentage of them were still rniiiiu- for young in September.

Hunting Kill

From 1951 through lf>55. 12.637 hunters, with a total bag of 26,937

pigeons, were cliecked through checking stations. The average bag was
2.1 birds ])er hunter. The success ratio of birds per hunter from 1951

through 1955 was 3.9, 2.0, 3.3, 2.0, and 4.1 birds per hunter, re-

spectively.
The liunter success ratio obtained from the annual questionnaire

survey of a 2^f sample of the licensed hunters who reported hunting

pigeons in 1954 and 1955 was 2.2 and 3.9 birds per hunter, and the

success ratio from tlic luiiiter bag checks was 2.0 iiud 4.1 birds per
hunter. Comparable data were available only for the years 1954 and
1955. The similarity of results for 1954 and 1955 suggests that the

hunter success as indicated by the annual hunter questionnaire may
be valid for determining trends in i)iuv(>n populations. Morse (1951),
in attempting to correlate preseason census data and data from hunter

bag cliecks near Nehalam Bay, Oregon, found that data obtained by
census approximated data from hunter bag checks, indicating that an

increase in pigeon numbers is usually reflected in a liigher hunter

success ratio.

Sex-Age Ratio

Tlie ratio of males to females obtained from hunter bag checks

averaged 110 males per 100 females over the 5-3'ear period from 1951

through 1955. The sex ratios for this period ranged from 80 males per
100 females in 1952 to 146 males per 100 females in 1953.

The age ratios of fall-killed birds ranged from 110 juveniles per
100 adults (small sample in 1951) to 46 per 100 in 1955. The 5-year

average young-adult ratio of all birds checked was 59:100. Edminister

(1954) gives the fall age ratios of hunter-killed birds in Oregon as

0.33:1 young per adult in 1949, 1!)50. and 1951; 0.2!) :1 i]i 1952; and
0.26 :1 in 1953. The discrepancies in age ratios of band-tails in Oregon
and California are difficult to explain unless a differential migration
or kill of one age class occurred.

By visually checking the plumage cliai-acteristics of 230 adults in

the hunter's bag, sexes could be determined with 90% accuracy, and
the success of visually aging 321 adult and immatui"(> birds by plumage
characteristics was DG'^^r. Attempts to determine the sex of 54 im-

mature pigeons was aecoiiiplislied \\itli only 63% accuracy. The results

of these visual attempts to determine the sex of adult band-tailed
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pigeons from plumage characteristics agree substantially with the

studies by Neff and Culbreath (1947) in Colorado, in which the ap-

praisals of sex were approximately 90% correct.

Weight

The average weight of 74 adult males and 76 adult females was 415

and 390 g, respectively. The weights varied from 340 to 470 g for males

and 280 to 440 g for females.

For 50 immature males and 57 immature females, the average

weights were 391 and 364 g, respectively. The weights varied from
300 to 460 g for immature males and 270 to 420 g for immature
females.

The average weight of 17 adult pigeons shot in Colorado and re-

ported by Neff (1952) was 338 g, 52 g less than the average weight of

adult females obtained in the present study in California.

Drewien et al. (1966) reported the average weight of 386 band-tails

trapped at Humboldt State College during the spring of 1966 to be

404 g for adult males and 386 g for adult females. These birds averaged

slightly less than the average weights for adults recorded during the

present study.
The heaviest bird weighed, as reported by Drewien et al. (1966), was

40 g more than the heaviest bird recorded in California studies.

DISCUSSION

The erratic nature of the migration of the band-tailed pigeon makes
a population inventory very difficult. Methods attempted were a post-

hunting season and a postbreeding season survey and an aerial survey.
The resident population, which breeds in California, joins migrating

flocks from the north and moves to the mountains during the fall.

Seventeen birds banded during the breeding season were shot during
the same year from large migratory flocks. Of the birds visiting the

Carmel area and banded between February and May of the annual

banding periods, 16 were recovered out-of-State.

Depredation by pigeons is a real threat to some crops in California.

Almonds, walnuts, apricots, cherries, bush berries, and olives are all

subject to crop loss occasionally. Most grain taken by pigeons is that

wasted while being harvested or left uncovered in the planting opera-
tions. The large mobile flocks of pigeons feeding in orchards or newly
planted grain fields do cause real concern to ranchers.

Band recoveries indicate the wide distribution of the band-tailed

pigeon on the Pacific Coast, as well as mortality and longevity. That

part of the total mortality represented by band recoveries, irrespective
of hunting kill, was 15.3%. of the total bands recovered.

The fact that hunting is responsible for such a large percentage of

the total mortality indicates that hunting controls as a management tool

are invaluable.

A preseason census along the Pacific Coast from British Columbia
to California would be invaluable in predicting trends of the popula-
tions. This was indicated bv data from this study and that of Morse

(1951).
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A SUMMARY OF BAND RECOVERIES FROM REDHEADS

(AYTHYA AMERICANA) BANDED IN NORTHEASTERN

CALIFORNIA^

WARREN C. RIENECKER
Wildlife Management Branch

California Department of Fish and Game

Population distribution and mortality rates were determined for 6,915
redheads banded in northeastern California from 1948 through 1963.

California hunters harvest the majority of the redheads produced in

northeastern California. The males range farther than the females and
are apt to be found from Mexico to Canada and from coast to coast. The
first year mortality rate from all causes for immature redheads was
78.7%. Adults showed an average mortality rate of 41%. Mortality
other than hunting losses had a greater effect on the redhead than that

recorded for the canvasback (Ayfhya valisineria) by other workers. An
average direct band recovery rate of 15.5% was determined for imma-
ture redheads during years with an open hunting season on redheads.
The data indicated a 4.7% recovery rate during years when the season
was closed to redhead hunting. Although the band recovery rate dropped
from 15.5% to 4.7% during the closed season, the mortality rate re-

mained high (75.8%). Thus, the season closure had an effect on the band

recovery rate but did little toward reducing the mortality on redheads.

INTRODUCTION

This is the second in a series of reports on waterfowl banded in

California.

The major objective of these analyses is to determine the population
distribution and mortality rates of each species of waterfowl found in

California. Without this basic knoAvledge, a sound management policy
can never become a reality. Banding was employed as a means of ob-

taining this information.

During the period 1948 through 1963, the Pittman-Robertson Water-
fowl Research Project W-30-R of the California Department of Fish
and Game banded 6,915 redheads in northeastern California. Of these,

6,213 were banded on the Tule Lake and Lower Klamath National
Wildlife Refuges in the Klamath Basin near the Oregon border. The

remaining 702 redheads were banded on the state-operated Honey Lake
Waterfowl Management Area, approximately 150 miles south of the

Klamath Basin. The history and description of the two areas have been
recorded previously (Naylor, 1953; Rienecker and Anderson, 1960).
The redheads were trapped during August and September in wire

traps baited with barley. The majority of tlie immatures were from
6 to 8 weeks old and had not yet attained their fliglit feathers.

1 Submitted for publication June 1967. A contribution of Federal Aid in Wildlife
Restoration Project W-30-R, "Waterfowl Studies".

2—75795 ( 17 )
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I'cdlicaiU was 1.1 iiialeb : l.U

•ly what 8o"\vls (1955), Len-

SEX RATIOS

The sex raliu oi' these loi-al i

lli,i;lit h'ss

females (52.4% males). This is approxim;
sink (1964), and Bellrose et al. (1961) foiiml in their studies on water-

fowl. The siitrlit deviation (2.4'M from a .')!):.')() ratio is statistically

significant, since the saiiiph' size is ad('(|uatr. l"'it'tecu out of 20 samples
of redheads banded during the study period contained a slight pre-

ponderance of males. For the iiuri)()ses of this study, it is assumed
that this ratio is the same ;is in nut rapped locals and not caused by a

bias in the trapping operatioji.

POPULATION DISTRIBUTION

California hunters harvest the majority of the redheads that are

produced in northeastern California (Table 1^. Direct recoveries (first

fall and winter after b;inding) indicate that I'S.l'/c of the immature
males and 77% of the immature females that are harvested during
their first year ai-e taken in California. ]\Iore tliau half of these Cali-

fornia recoveries are taken within 50 miles of where they were hatched.

Other im])o]-t;int harvest areas in California are the Sacramento Valley,

Imperial Valley, and the San Francisco Bay area.

TABLE 1

Comparison of the Distribution of 1,139 Direct and Indirect Band
Recoveries of Redheads Banded as Locals in Northeastern California

Area of recovery

Canada
Arizona
California (local) -

California (other)

Idaho
Nevada
Oregon
Utah
Washington
Colorado
Kansas
Montana
Nebraska
New Mexico
North Dakota
Oklahoma
South Dakota
Texas

Wyoming
Louisiana

Michigan
Minnesota
Wisconsin
Florida

New York
Virginia
Mexico

Total

Flyway

Pacific

Pacific

Pacific

Pacific

Pacific

Pacific

Pacific

Pacific

Central
Central

Central
Central
Central
Central

Central
Central

Central
Central

Mississippi

Mississippi

Mississippi

Mississippi
Atlantic

Atlantic

Atlantic

Percentage of

direct recovery

Immature
males

0.4
1.6

42.6
30.5
1.4

4.6
3.7
1.0
1.2

0.2

0.4
0.2
0.2

0.2

6.3

100.0

Immature
females

1.6

48.0
29.0
1.4

5.8
2.8
1.2

0.7

0.2
0.5
0.5

0.2

3.5

Percentage of

indirect recovery

Adult
males

0.2
4.4

ino.o

7.8
2.9
17.5
21.4
4.9
1.9
1.9

6.8

1.9

1.0

1.9
5.8
1.0

1.0

Adult
females

0.9
0.9

40.2
24.8
0.9
7.7
4.3
3.3

3.3
0.9
0.9

0.9

1.7

0.9
4.2

100.0

4.2

100.0
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The direct recovery rates show that fewer immature males (42.6%)
than females (48.0%) are taken locally (witliin 50 miles of the banding
site). This indicates that the immature males start their migration
away from the breeding grounds earlier than the females.

The most obvious difference between the male and female indirect

recoveries (second year and over) is in the percentage of recoveries

from northeastern California. The data indicate a local recovery rate

of 17.5% for the adult males, compared with 40.2% for the adult

females. A part of this difference is probabl.y caused by the males

molting earlier than the females. Thus, they have the opportunity to

move out of the area long before the females and before the beginning
of tlie hunting season. However, the data also imply that the males
are wider ranging than the females and are less apt to return to their

natal breeding grounds in succeeding years. Normally, when a banded
duck is recovered on the northern breeding grounds, it may be con-

cluded that it was also there during the breeding season. This might
not be entirely true for tbe redhead. The fact that some immature
redheads are recovered north of their California nesting grounds makes
it appear that this northward postbreeding flight could account for

some of the adult males recovered in the north. It is possible that some
adult males return to northeastern California for the breeding season,
til en molt on one of the large local lakes such as T''^pper Klamath Lake
or Goose Lake, and later move north before the hunting season opens.
It is also a possibility that they move north before molting. The wan-

derings of the redhead are discussed at length by Weller (1964).

Only 57.3% of the indirect adult males are recovered on the Pacific

Flyway, compared with 82.1% of the females. The males are apt to be

taken from Canada to Mexico and from coast to coast. However, the

west coast of Mexico and the gulf coast of Mexico and Texas are the

most important wintering areas outside of California.

RECOVERY RATES

The discrepancy in the yearly percentage of direct band recoveries

(Table 2) could be caused by a number of factors. Inadequate sample
size for some of the years studied is a possible source of error in the

data. Changes in season length and bag limit could have caused varia-

tions in the band recovery rates.

Season length in California during the study period varied from 34
to 95 days. Grieb (1964) states that on the Central Flyway changes in

length of a short season have a much greater effect on the harvest than
similar changes in long seasons. Since approximately 50% of the red-

head kill occurs within the first 14 davs of the season, it may be assumed
that this is true also in California. Early huuting season starting dates

find the redheads still concentrated on the breeding grounds such as

the Klamath Basin, an area of heavy, concentrated hunting pressure.
Late starting dates reduce the local kill by allowing many of the red-

heads to leave the area before the season starts. The assumption is

made that a low local harvest allows a 2freater percentage of ducks to be

harvested elsewhere, but it is also probable that fewer birds would be

taken than during a vear of a high local harvest.
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Bag limits varied from zero to six redheads per day. Although the

season was closed to redhead hunting from 1960 to 1963, they still

received a hunting pressure equal to that of several other species of

waterfowl that are limited legally. A 6% band recovery rate from a

1961 sample of 167 fiiglitless redheads banded in the San Joaquin
Valley also verifies this harvest of redheads during the closed season.

Weather conditions can play an important role in the duck harvest
and thereby affect the band recovery rate. Early or late storms in

northeastern California can have the same effect as early or late start-

ing dates of the hunting season. Years with heavy precipitation on the

wintering grounds of California makes some w^aterfowl habitat inacces-

sible to hunters, thus reducing the kill and the band recovery rate.

Opening day of the liunting season (weekend or weekday) and starting
time on opening day (dawn or noon) can contribute to variations in

the band recovery rate.

Because of these various factors affecting the recovery rate, data for

specific years are of extremely limited reliability. Therefore, only the

average direct recovery rates in Table 2 should be considered reliable.

MORTALITY

Since the first year mortality rates for immature male and immature
female redheads were nearly the same (78.4 and 78.9%), the data were
combined into one life table (Table 3). The life table described by
Bellrose and Chase (1950) is used in this paper.

Studies of the canvasback (Geis, 1959), mallard, A7ias p. platyrhyn-
chos (Bellrose and Chase, 1950), and the lesser snow goose, CJien hyer-
borca (Rienecker, 1965), show the adult female to have a slightly higher

mortality rate and a shorter life expectancy than the male. The vulner-

ability of the female to predation during the nesting and brooding
seasons is probably the major cause of this difference. This does not

apply to the redheads of northeastern California. The average mortality
rate was identical (40%) for males and females two years of age and
older. Tule Lake and Lower Klamath National Wildlife Eefuges, where
the majority of the banding occurred, has an above average redhead

nesting success of 88.3% (Rienecker and Anderson, 1960). The red-

heads' choice of nesting sites in thick cover and over water reduces

predation to birds and eggs. This lack of predation upon the female

could account for the higher survival of females in northeastern

California.

Studies indicate that the immature bird is more vulnerable to hunting
pressure than the adult. The immature redhead has an exceptionally

high mortality rate of 78.7% during the first year, followed by a mean
rate of 41% for subsequent years. Ducks are considered adults after

the first year.
The canvasback also has an exceptionally high mortality rate. Geis

(1959) reported that the first year mortality rate for immature canvas-
backs is 77%, while the rate for adults is between 35 and 50%. He also

reported an average band recovery rate of 22% and stated that shooting
is responsible for more canvasback deaths than all other factors com-
bined. The percentage of bands recovered from immature redheads is

smaller than that from canvasbacks (15.5 to 22%), which indicates that

the redheads were exposed to less hunting pressure than the canvas-
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backs. However, their mortality rate was greater than that of the

eanvasbacks, which implies that mortality other than that resulting
from hunting has a greater effect on redheads than on canvasbacks.
From 3 960 through 1963, the hunting season on redheads was closed.

During tliis period. 1 398 fliglillcss redlieads were banded. Although
the season was closed, 4.7% of the bands were returned as direct

recoveries. When hunting pressure is a main factor in determining the

mortality rate of a species, it is assumed that a decline in the band
recovery rate would also show a proportionate drop in the mortality
rate. The band recovery rate for tlie redhead dropped two-thirds (15.5
to 4.7%) when the season was closed, yet the mortality rate remained
high at 75.8% (Table 4).
One assumption is that natural mortality Avas replacing hunting

mortality during the years closed to redhead hunting. Another and
more likely assumption is that hunting mortality was similar during
open and closed years, and that therefore the 4.7% recovery rate is a

misleading indication of hunting mortality. If the latter assumption is

correct, then the true recovery rate is probably close to the 15.5%
determined for redheads during the open season. The discrepancy
between the two recovery rates may be due to reluctance on the part
of the ''wiser" hunters to return a band from an illegal species. In

any event, the season closure on redheads had an effect on their band
recovery rate but did little towards reducing redhead mortality.

DISCUSSION

Most of the redheads shot in California are reared in California and
and in the neighboring states within the Pacific Flyway. Lensink (1964)
states that only 4% of the redheads banded in Canada exclusive of

British Columbia were recovered within the Pacific Flyway. Therefore,
the redheads of the Pacific Flyway should be considered virtually a

separate population and managed as such. A decrease in the Canadian
redhead population, such as the decrease in the past decade, should not
have any marked effect on the redhead populations of the Pacific

Flyway.
If, in the future, additional data substantiate that Canada and the

north-central states furnish few redheads to the Pacific Flyway, the

Pacific Flyway hunter should not be penalized for a reduced population
of redheads using other flyways.

It is emphasized that first year mortality for immature redheads is

78.7% during years with a hunting season and 75.8% during years
without a season—a difference of only 2.9%. Is the redhead population
on the Pacific Flyway in such poor condition that we have to close the
season just to reduce the mortality rate by 2.9% ? It is doubtful.
The major problem in the management of waterfowl by species is

the inability of the average hunter to distinguish between the different

species of waterfowl. Until this condition improves, regulations such as

were set for the redhead (1960-1963) will not have the desired effect

on controlling harvest per species. Therefore, in the interim, all other
avenues of controlling harvest on a species basis should be thoroughly
investigated before adopting a nationwide season closure.

If protective regulations are needed in the flyway for species nesting
within the flyway, a delay in opening the season in the nesting areas

might be the simplest regulation to gain this end.
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SUMMARY

Dviviiio- the period 1948 through 1963, 6,915 redheads were banded
in northeastern California by personnel of Pittman-Robertson Water-
fowl Research Project W-30-R of the California Department of Fish
and Game.
The majority of the redheads were locals when trapped. Tlie sex

ratio of these flightless redheads was 1.1:1.0 (52.4% males).
California hunters harvest the majority of the redheads that are

produced in northeastern California. Hunters in northeastern Cali-

fornia account for approximately half of the California harvest. Other

important harvest areas in California are the Sacramento Valley,

Imperial Valley, and the San Francisco Bay area.

The analysis indicates that the adult male compared with the adult

female is less likely to return to its natal breeding ground in succeed-

ing years. However, adult males are apt to leave the breeding grounds
in northeastern California before the beginning of the hunting season.

Consequently, they are harvested elsewhere with no record of having
been back to northeastern California. The males can be found from
Canada to Mexico and from the Atlantic to the Pacific.

Discrepancies in the yearly percentages of direct band recoveries

could be caused by inadequate sample size and by changes in season

length, starting date, starting time, bag limit, and weather conditions.

First year mortality rates for immature male and immature female

redheads were nearly the same (78.4 and 78.9%). The average mortality
rate w^as identical (41%) for males and females two years of age and
older. The fact that the mortality rate of adult females was not greater
than that of the males may be the result of less predation upon the

females during the nesting season in northeastern California.

The immature redhead has a higher mortality rate and a lower band

recovery rate than the canvasback, which implies that mortality other

than that resulting from hunting has a greater effect on the redhead
than on the canvasback.

The data indicate an average direct baud recovery rate of 4.7%
for the 4 years (1960-1963) that the hunting season on redheads w^as

closed. Although the band recovery dropped from 15.5 to 4.7% during
the closed season, the mortality rate remained high at 75.8%. This

reveals that the immature redheads continue to suffer a high mortality

regardless of hunting season regulations and that hunting could replace
most of the natural mortality.

The redheads of the Pacific Flyway should be considered a separate
population and managed as such. Hunters on this flj^way should not be

penalized for reduced populations using other flyways.
It is doubtful that it is justifiable to close the hunting season on

redheads on the Pacific Flyway to reduce the mortality rate by 2.9%.
Other means, such as delaying the opening date of the hunting season
on the nesting areas, might accomplish this best.
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DETERMINATION OF THE WINTER RANGE OF A
BLACK-TAILED DEER HERD IN THE NORTH

COAST RANGE OF CALIFORNIA^

RICHARD D. BAUER -

Mendocino Notional Forest

Willows, California

JEROME T. LIGHT, JR.

Cleveland National Forest

San Diego, California

WILLIAM R. THORNTON
Wildlife Management Branch

California Department of Fish and Game

The winter ranges for deer (Odocoileus hemionus eolumbianus) sum-
mering in the Biack Butte-Ford Hill area in the North Coast Range of

California were determined by the marking of 47 deer in the summer of

1962. Hardin Hole Ridge and the Euchre Glade area were the principal
winter ranges. Migration distances ranged from 4 to 12 air miles. The

knowledge obtained from this study is presently being used to manage
this deer herd.

INTRODUCTION

To ]n-oper]y manage deer and their habitat, it is essential to know
both the winter and summer ranges for each specific herd. AVith the

proper management of a deer herd as the basic objective, 47 deer were

trapped and marked in the summer of 1962 by the California Depart-
ment of Fish and Game and the U.S. Forest Service. The objective
was to determine the winter ranges of deer summering in the Ford Hill-

Black Butte area of the Mendocino National Forest.

Specifically, the Department of Fish and Game was requested by the
Mendocino National Forest to undertake this study. It was hoped that,
with both seasonal ranges known, proper management could be pre-
scribed to lessen the depredation on coniferous tree reproduction.

DESCRIPTION OF AREA

Trapping and marking was done on summer range located in Mendo-
cino National Forest, Glenn County, in the North Coast Eange of Cali-

fornia. This area includes both the headwaters of Black Butte River

(tributary to the Middle Fork of the Eel River) and Grindstone Creek

(tributary to the Sacramento River). The black-tailed deer {Odocoileus
1icmio7ius cohimhianns) population in this area is high. From 1961 to

1965, annual deer use on key areas averaged 148 deer days per acre
on summer ranges and 157 on winter ranges. High deer numbers are
also evidenced by heavy deer use of browse species.

1 Submitted for publication March 1967.
-J're.sent address: U.S. Bureau of Sport Fisheries and Wildlife, Willows. California.

(27)
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Tlio summer rango is from 4.000 to 7,300 feet in elevation. It is

primarily a timber zone; the overstory is ponderosa pine {Finns pon-

dcrosa), Douglas fir (Pseudotsuga menziesii), and white fir {AMes
concolor) ;

the understorj^ is uliili' thorn (Ccanotliiis corduJafus), bitter

cherry {Pntnus cmarninata), and in som(^ areas r>n'Avcr oalc {Qncrcus
(jarryana hnwcri). Key areas arc cujuprised mainly ui' ihe understory

species, with little or no tree overstory.
Tlie winter ranges are from 1,500 to 3,500 feet in elevation on south

facing sh)]i(\s. The principal cover type includes chamise {Adrnostoma
j'asciciilaluin), buck-brush {Cvanotlnis ciincaliis), ami live oaks {Qucr-
cus dumosa and Q. wislizcnii) . Annual grass glades comprise important
parts of the winter ranges.

Tlir ca]ia('ity of both th(> summer and wint(>r ranges recently has

been increased by Jiabilal management. The ])rimary enhancemeni tools

have been logging on the summer ranges and bi-usli nnmipulation

(crusliing, burning, grass seeding) on the winter ranges.

INligration from the summer range usually occurs during October;
the return from the winter range occurs in Ajjril aiid ^lay. Th(> inoun-

tain range in the study area is fairly precipitous, resulting in short

distances (4-12 air miles) between seasonal deer ranges.

METHODS

Trapping methods included the Clover single gate deer trap (Clover,

1956), the "Improved Deer Snare" (Ashcraft and Keese, 1957), and a

buried foot snare developed by Lauer A. Foster of the Department of

Fish and Game. This latter snare proved to be the most effective.

Deer were marked by ear tagging and cropping, belling, and attach-

ment of colored plastic neck streamers. Techniques of application and

descriptions of these markers are discussed by Ashcraft (1961).
"Watermelon was the most effective bait. Other baits (aj)ples, acorns,

alfalfa, potatoes, willow cuttings) were used but with minor success.

Forty-one of the marked deer were trapped in the Black Butte area

and six in the Ford Hill area (Table 1). The observations of marked
deer were reported mainly by U. S. Forest Service and Department of

Fish and Game personnel.

RESULTS AND DISCUSSION

The major wintering area for the marked deer was Hardin Hole

Ridge in Grindstone Canyon, locally called Fiddlers Green (Figure 1).

The Euchre (Jlade area is probably a major wintering area for deer

summering in the Black Butte ar(^a. Only three marked d(^er were seen

here, but this is attributed to the limited number of observer visits to

this area. Some deer also winter in the lower elevations to the east and
south of Alder Springs.

Thirty-five observations of marked deer were made from liXilZ to

1966; of these, 26 occurred on wintering grounds. A major portion of

the winter observations (16), occurred on Hardin Hole Kidge.
The migration distance from the Black P>utte-Ford Hill area to the

Hardin Hole Bidge winti'r range is i'vora 6 to 8 air miles. It is only 4

to 5 miles from Black Butte to the Euchre Glade wunter range. The

longest migration evident from this study is l!2 miles.
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Tlie return of deer to the same summer range is apparent from the
three observations made at Snow Basin in the Bhick Butte area (one
each in 1964, 1965, 1966). The return to the same winter range was
demonstrated by two observations of marlced deer on Hardin Hole
Kidge during the second year after trapping. Gruell (1958), Leopold
et al. (1951), and Zalunardo (1965) record the tendency of mule deer
to return to the same wintering ground for at least 2 successive years.
This tendency of deer to live in the same immediate summering and
wintering areas each year is probably more common than is generally
realized.

Z'"^. SCALE
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• MARKED DEER OBSERVATION
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FIGURE 1—Location of trapping areas, marked deer observations,
and winter ranges of marked deer.
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No marked deer were seen on the wintering area in the Black Butte
River drainage, even thougli it is only 4 miles distant from the Black
Butte suimncr i-ange. IIoAvever. a limited number of deer may have

migrated there witliout being observed.

The retention of markers (neck streamers, bells, ear tags) was good.
Ear tags were retained best. Except for one bell, these were the only
type observed in the last 2 years (1965 and 1066). Belling of deer was
rewarding because of the difficulty of observation in brushy areas.

Eleven deer were identified by bell sounds. The last identification of a

belled (leer A\as in December of 1064. 1he llilrd A\iiiter after marking.
The knowledge obtained from the study is ])reseutly being used in

managing this deer herd. As vegetation on both sunnner and winter

ranges is heavily utilized by deer and the areas are also witliin close

proximity of each other, special antlerless deer harvests will be pro-

posed, with botli areas iiicluded within the hunt boundary. This will

facilitate an adequate luirvest if the hunt is approved, since the deer
herd will be available throughout the season.

It was realized that considerable liabitat improvements on only one
of the seasonal ranges could have detrimental effects upon the

unimproved range. Brush manipulation on approximately 930 acres on
Hardin Hole Ridge has been carried out in the last 6 years. This un-

doubtedly has increased the carrying capacity for this area and has

])robably increased winter survival. This would result in a larger
number of deer returning to the already overused summer range. To
what degree this has increased use on the summer range is not known,
but it could have been considerable if it were not for the logging of

virgin timber areas, which has created new habitat. The land manager
must take such situations into account when planning habitat man.ige-
ment on seasonal deer ranges.
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A FOOD HABITS STUDY OF THE SOUTHERN SEA

OTTER, ENHYDRA LUTRIS NEREIS ^

EARL E. EBERT

Marine Resources Operations
California Department of Fish and Game

Feeding behavior of sea otters was studied during the spring and sum-
mer of 1966. Shoreside observations and SCUBA diving were employed
to note foraging habits relative to food availability. Results of prior sea

otter food habits studies are compared with this study. A general agree-
ment of food types between this study and prior studies was found, but

a wide variance was apparent ^hen percentage values of foods ingested

by otters were compared. Availability appears to be the key factor in

sea otter feeding habits. Preferred foods are sea urchins, abalones, and
crabs.

A study to interpret the geographic expansion of sea otters and
determine their range carrying capacity is recommended.

Feeding behavior of the southern sea otter, Enhydra lutris nereis

(Merriani), has been reported by Fisher (1939), Limbaugh (1961),
Hall and Schaller (1964), and Eichard A. Boolootian (Senate Perma-
nent Factfinding Committee on Natural Resources, 1965). These studies,

conducted in the general vicinity of Monterey, California, indicated

that specific food items were dominant in the sea otter's diet, but there

was some disagreement among investigators as to which items pre-
dominated.

Fisher's study reported the red abalone, Ealiotis rufescens, to be

dominant. Additional food items included sea urchins, crabs, and sea-

weed. Unfortunately, Fisher did not report percentages of various food

items ingested, and she did not identify the species of crabs and sea

urchins involved.

Limbaugh, while filming the activities of sea otters near Monterey,
reported that red abalones, red sea urchins, Strongyloce^itrotus fran-

ciscanus, rock scallops, Hinnites multirugosus, California sea mussels,

Mytilus californianus, and "various species of snails" were inclusive

in the otter's diet. Limbaugh also mentioned that it was possible that

otters fed upon the gum boot chiton, Cryptocliiton stelleri. Limbaugh,
like Fisher, did not indicate percentages of various food items ingested,

precluding a determination of dominant food items.

Hall and Schaller carefully recorded the tool-using behavior of sea

otters and noted their food habits. They found that sea mussels con-

stituted 40% of the items eaten, followed by sea urchins (32.8%),
crabs (14.5%), and abalones (9.9%).

Boolootian made comprehensive observations on sea otter feeding
habits during a 6-year period. He reported that sea urchins predomi-
nate in the otter's diet (56.4%), followed by the California sea mussel

(33.8%), and abalones (8.2%).
1 Submitted for publication July 1967. Prepublished as MRO Reference No. 67-18,

"Food habits of the soutliern sea otter, Enhydra lutris nereis, and ecological
aspects of the population and distributional expansion."

(33)
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In 1966, I observed a herd of 34 to 38 sea otters in the vicinilv of

Pico Creek (lat. 35° 37' 10" N., long. 121° 08' 14" AV.). approximately
100 miles south of i\Ionterey. At the time, this herd ^vas near the

soutlierinnost limits reported in recent years for sea otter concentra-

tions; liowever, in 1967 a herd of 25 to 30 sea otters moved farther

south into the Cambria region (Figure 1).
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36* 00'
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SAN MARTIN
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'^AMBRIA

PT- ESTERO'

FIGURE 1— Central California coast. The sea otter herd investigated

in this study was located at Pico Creek.
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I studied the Pico Creek herd's feeding habits at different times

between March and October. I made shore observations with a SOX
spotting scope and used SCUBA gear to make observations of the

benthos. The biomass of food organisms was measured to determine the

potential yield an otter might obtain from a particular food item. For
the purposes of this study, biomass is considered the difference between

total wet weight and inedible hard body parts.

Presumably the yield that an otter can obtain from a particular food

type influences preference values. In prior studies of southern sea otter

feeding habits, scant attention was directed toward determining rela-

tive yields of various food items ingested by otters. Only percentages
of food types were reported, and this can be misleading because only

quantitative values are represented. Samples of sea otter food items col-

lected in the central California region indicate that otters obtain maxi-
mal biomass yields, averaging 695 g, from red abalones. An average
sea mussel near Pico Creek yields only 11 g, a red sea urchin 282 g,

and a purple sea urchin 22 g (Table 1). By quantitatively equating
various organisms in terms of biomass, one red abalone equals :

63.0 sea mussels
10.7 rock scallops
3.0 red sea urchins

31.6 purple sea urchins

2.2 gaper clams

These data show that those food types yielding greater biomass are also

prefered food types. Data were not obtained for rock crabs, starfish, or
the gum boot chiton.

TABLE 1

Total Weight and Biomass Values for Organisms
Fed Upon by Sea Otters

Organism
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At Pico Crock, the otter herd rafted on the outer edge of a bed of

giant kelp, Macrocystis angustifolia. Tliis bed Avas located in water 50

to 60 feet deep. The herd's location did not change perceptibly from
March through July. The otters foraged within the giant kelp bed and
shorcAvard to the intertidal zone. The red abalone was noted to be the

principal food item, followed by rock crabs and gaper clams (Table 2).

TABLE 2

Food Items of Sea Otters at Pico Creek

April 21 to June 2, 1966 *

Food item
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In April 1966, otters were observed to surface with one abalone per
two dives; by June, otters were diving 9 to 10 times before surfacing
with an abalone invariably exhibiting the effects of severe pounding.

Sea otters at Pico Creek ate from two to four abalones per feeding.

Typically, three were consumed, plus a crab or other food item. Otters

reportedly feed once daily (Fisher, 1939). My observations neither

confirmed nor refuted this because no more than a third of the herd
fed at one time, and I could not distinguish whether animals that fed

earlier on a specific day were present when the second general feeding

period was initiated. Boolootian (Senate Permanent Factfinding Com-
mittee on Natural Resources, 1965) reports that an average sea otter

weighing 22.7 kilograms consumes no more than 5.4 kilograms of food

daily. Kenyon (1959) noted that captive subadult and adult otters

required at least 2.7 kilograms of fish daily, but 3.6 kilograms were

preferable. An average red abalone at Pico Creek (approximately 18

cm long) yields about 700 g of biomass, suggesting that one daily meal
at Pico Creek is sufficient to meet an otter's minimum daily require-
ment.

Confirmation of gaper clams in the otter's diet was initially made by
diving and collecting empty broken valves after an otter had been noted

feeding on what appeared to be a gaper at the surface. Subsequently,

many broken gaper clam, valves have been observed on the bottom where
otters have been actively foraging. Typical gaper clam habitat is from
1 to 3 feet beneath sandy substrate and in more protected situations.

At Pico Creek, gapers occur in the sandy expanses between rocky reefs

and apparently are exposed during strong surge conditions and attend-

ant heavy sediment transport.

Significantly, I did not see the otters eat any sea urchins. This was
not unexpected because no live red sea urchins were seen while diving,

although their spines and test fragments profusely littered the seafloor,

attesting to their former presence. Small concentrations of purple sea

urchins, Strongylocenfrofvs purpuraius, that typically occur inter-

tidally were present in the low-tidal region but they were relatively

inaccessible.

Kelp crabs, Pugettia producta, abalone jingles, Pododesmns cepio,

and keyhole limpets, Megnfhvro, crenulata, were notably depleted at

Pico Creek. Although not documented as otter food during this study,

they apparently were foraged upon and quite likely were recorded as

unidentified food items (Table 2).

DISCUSSION

According to Barabash-Nikiforov et al. (1947), captive otters feed

without displaying any food preferences. However, Vania (1967) noted

that captive sea otters were very reluctant to accept chum salmon.

Oncorhynchns kefa, and pink salmon, 0. gorhuscJia, after their normal

food supply of Dungeness crab became depleted. The otters would not

eat the fish for a period of 24 hours, and during this time they were

considerably more nervous and exhibited increased hostility towards

one another.

Comparison of the data from various food studies of the southern sea

otter reveals that a fair correlation exists between food types, but dis-
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TABLE 3

Comparison of Food Habits of the Sea Otter Recorded for the Monterey Area
and Pico Creek, California

^

Food item
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Because red sea urchins predominately occur subtidally in exposed
situations, they are more readily obtained by forao'ing otters. Purple sea

urchins occurring near tlie lower tidal region and often in crevices or

burrows of their own making are less accessible to the otters. In addi-

tion, purple sea urchins are substantially smaller than red sea urchins
and offer considerably less biomass (TMble 1).

Boolootian (Senate Permanent Factfinding Committee on Natural

Kesources, 1965) reported that the otter's diet consisted of 43.4% red
sea urchins and 13.0% purple sea urchins (Table 3). Conversely, Hall
and Schaller (1964) noted 0.4%; red sea urcliins and 32.4% purple sea

urchins in the otter's diet. Based on knowledge derived at Pico Creek,
these data suggest that Boolootian 's investigations were conducted in

locations where sea otters had only recently foraged, whereas Hall and
Schaller studied in an area where considerable depletion of accessible

and more preferred food types had occurred.

McLean (1962), conducting an ecological study using SCUBA in the

kelp beds near Carmel on the Monterey Peninsula, noted the absence

of sea urchins, although spines and test fragments were present. He
concluded that this was the result of sea otter predation. McLean re-

ported a few red abalones were in crevices and flat abalones, H. walal-

lensis, were present beneath rocks.

How rapidly sea urchins may repopulate a specific area is not known.
However, under laboratory conditions, both red and purple sea urchins

grow approximately 2.5 cm diameter annually (David Leighton, Scripps
Institution of Oceanography, pers. comm.). Size composition of red sea

urchins south of Pico Creek suggests that the observed laboratory

growth rate may be a conservative figure. Nevertheless, observed lab-

oratory growth rates indicate that red sea urchins attain adulthood in

3 to 4 years, wliile purple sea urchins may mature in 2 years.

Having optimal conditions, red abalones will attain 18-cm shell

lengths in 4 to 5 years. At shell lengths less than 12 cm, they are

highly negatively phototactic, stay deep in crevices or beneath rocks,
and are generally inaccessible to foraging otters.

In October 1966. a series of reconnaissance dives was made com-

mencing about 5 miles north of Pico Creek and proceeding southward
in 15- througli 50-foot depths to 3 miles south of the creek. Red sea

urchins were first encountered about 1 mile south of Pico Creek
;
normal

red sea urchin densities for this area (about 0.9 per M-) occurred about
a mile farther south and apparently marked the southern limits of

herd-sized otter movements.
Terminal dives at Pico Creek in October revealed numerous abalone

shells and occasional rock scallop and gaper clam valves littering the

substrate. A few live red abalones were present, but inaccessible, in deep
crevices, while flat and pinto, H. kanitschatkana, abalones were common
under rocks.

Adult red sea urchins are intensive vegetative grazers, considerably
more effective than adult abalones, chiefly because of their habitat,

mobility, and numerous spines that effectively entrap drifting seaweeds.

Although adult abalones and sea urchins are food competitors, juve-
nile abalones, particularly the flat abalone and to a lesser extent the

pinto and red abalones. paradoxically are often commensal with red
sea urchins in the bull kelp, Nereocystis luetkeana, communities of cen-
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tral California. "When commensal, these juvenile abalones (up to 6.3

cm lonp:"! occur beneath the sea urchin, presumably moving Avith the

sea urcliin and feeding on seaweed fragments obtained by the sea urchin.

A recent population census of southern sea otters (Carlisle, 1966)
revealed 591 individuals inhabiting the central California coast from

Monterey south to near Cayucos. tScNcre overexploitation by fur Imiilers

in the 1700 's and 1800 's and the otters' subsequent recovery fidin near

extinction in the early 1900 's have been tlioroughly documented.

The fact that sea otters were once plentiful suggests that in the past

abalones, sea urchins, and other organisms fed upon by otters were

relatively minor faunal constituents. It may be that many of these

species sought by sea otters for food were largely confined to inacces-

sible crevices or to intertidal situations where they would be less vul-

nerable to sea otter predation because of physical limitations of the

otter and the otters themselves would be vulnerable to coastal Indians.

This view is favored because enormous quantities of abalone shells

are ]>i-esent in Indian middens and shell mounds found along the central

California coastline and among the Channel Islands. I coiitirmed many
red abalone and black abalone, H. cracherodii, shells i'l-om Indiiin mid-

dens at a site adjacent to Pico Creek. This site was being uncovered by
archaeologists from the University of California at Los Angeles during
the sunnner of 1966. Correspondingly, skeletal remains of sea otters are

not uncommon in Indian middens along the central California coastline.

Undoubtedly the Indians had to obtain their abalones from very
shallow water, since their diving prowess would be considerably im-

paired without a faceplate. In addition, my diving observations indicate

that abalone populations cannot flourisli sublittorally in the presence
of sea otters.

A controversy concerning the extent to which sea otters affect the

abalone resource has raged for more than a decade. Abalone fishermen

report severe depletion of beds, wliile other groups are divided. Some
conclude that damage to the resource is negligible; still others recognize
that very keen competition exists between the sea otter and commercial

abalone fishermen. This division accrues mainly from evidence reported
in prior investigations. However, without prior knowledge concerning
relative availability and utilization of food organisms, the results of

these investigations become negated for purposes of ascertaining to

what extent sea otters affect the abalone resource.

Department biologists tagged more than -100 red abalones at Still-

water Cove, near Monterey, in July 1956. The following June they
returned to the same area but could not locate tagged abalones. Divers

traversed more than J mile of bottom but found only one red abalone

about 6 inches long deep in a crevice. Empty abalone shells and sea

urchin fragments littered the substratum. In this same area. Depart-
ment biologists recovered, tagged, and replaced more than 100 abalones

per day during a 4-day period the jn-eceding year. Department records

indicate that the depletion of abalones at Stillwater Cove correlates

with the arrival of sea otters in late 1956.

I made an examination of the benthos at Stillwater Cove in October

1965 and did not find abalones, although habitat and available food

appeared excellent.
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In the food studies by Boolootian and Hall and Schaller (Table 3),

abalones quite probably comprised less than 10% of sea otter food

because of their limited numbers in the areas investigated. Only through
diving surveys coupled with shoreside observations could this have
been verified.

In 1939, Fisher recognized that keen competition would exist in the

future between abalone fishermen and sea otters. Cox (1962) reported
that further expansion by tlie sea otter population to the south "could

conceivably place sea otters in an area where they would be competing
with commercial abalone fishermen". Evidence at Pico Creek and along
the Monterey Peninsula indicates that as the sea otters move onto the

commercially valuable abalone beds south of Pico Creek, they will

deplete these beds to such an extent that they will no longer support
a commercial fishery.
How extensively sea otters may deplete an abalone bed is dependent

upon its substrate characteristics. At Pico Creek, all abalones except
those beneath rocks or in crevices and therefore inaccessible to the sea

otters were removed.
The carrying capacity of the sea otter's present range is not known.

Fislier (1939) noted that otters move from a particular cove or kelp bed

region after depleting available food. Carlisle (1966) found that sea

otters disperse into small herds during winter months, and regroup into

larger herds during summer months. Food requirements, environmental

conditions, or inherent biological factors may be involved in this be-

liavioral pattern. In recent years, the range of the sea otter has slowly
expanded both north and south. A study is needed to interpret this

geographic expansion and determine how many otters a given range
can support. Obviously, former population levels cannot be supported
because man, through urbanization, pollution, and fishing, has reduced
the available sea otter habitat and affected its carrying capacity.

Sea otters exert a profound influence upon benthic communities.
Their foraging activities on the herbivores, sea urchins and abalones,
result in marked vegetative restoration. This is evident throughout
most of the otters' range of distribution, and especially so in the Mon-
terey region, where otters have foraged for several years. Tliis vegeta-
tive restoration permits optimal feeding conditions and growtli for

surviving sea urchins and abalones.

Evidence indicates that sea otters are very important members of the
climax conmiunity tliat exists along our coastline. They effectively limit
sea urchin populations which, because of great numbers, can become a
serious problem in restricting algal growth. Sea urchins have little

economic importance wlien compared with abalones, which support a
valuable fishery. Tlie competition of otters and cominereial divers for
red abalones has resulted in requests for a management program that
will retain both the esthetically valuable sea otters and the economic
return from abalone beds.
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THE ABILITY OF WASHINGTON ANGLERS TO IDENTIFY

SOME COMMON MARINE FISHES^

FRANK HAW and RAYMOND M. BUCKLEY
Research Division

Washington Department of Fisheries

The practicability of management schemes and accuracy of voluntarily
submitted catch data may depend on identification of fishes by anglers.
A survey using fresh specimens of common marine fishes, involving 909
Washington salmon anglers, was conducted and responses tabulated.
Small (16 cm—52 cm PL) chinook fOncorhynchus tshawyfschaj and coho
salmon (O. kisutch) comprised 75% of the test specimens. The other
fishes used were copper rockfish (Sehastodes caurinus), lingcod (Op/iiodon
elongatus), rock sole (Lep/dopseffa bilineata). Pacific sanddab (Cifhar-

ichthys sordidus). Pacific cod (Gadus macrocephaivs). Pacific staghorn
sculpin (Lepfocottus armatus), shiner perch (Cymatogaster aggregata),
and sablefish (Anoplopoma fimbria). Results of the survey demonstrated:

prevalent inability of anglers to identify the fishes listed above; im-

proved recognition of chinook salmon after receiving a simple clue;
more difficulty in recognition of smaller coho salmon than larger ones;

infrequent use of recommended common names.

INTRODUCTION

To comply with ang'ling laws adopted by management agencies, most

anglers have been obligated to identify species or taxonomic groups of

fishes. The required identifications range from simple to extremely diffi-

cult. Few northwest anglers have difficulty separating Pacific salmon

(07icorhynchus) from spiny dogfish (Squalns acanfhias) ,
but it is more

difficult to distinguish steelhead trout {Salmo gairdnerii) from coho
salmon. An extreme test of taxonomic prowess occurs in Washington,
where regulations require differentiation between anadromous sockeye
salmon smolt (0. nerka) and kokanee salmon—the smaller lacustrine

form of the species.

Anglers have proAdded catch-composition information by postal card

(Kyan, 1959; Seeley, Tharratt, and Johnson, 1963) and by personal
contacts in their homes, as in a I960 national saltwater survey described

by Clark (1962). Tlie accuracy of surveys and feasibility of manage-
ment practices may depend on the anglers' ability in fish identification.

To test this ability, a survey using fresh specimens and emphasizing
small chinook and coho salmon was undertaken.

METHODS AND MATERIALS

Participants

Anglers, usually embarking on or returning from fishing excursions,
were contacted at boat ramps, boathouses, and moorage facilities in

popular Washington marine fishing areas. The possession of a Wasliing-
ton salmon catch record (punch card), required for salmon angling, and
an age of 16 years or more were qualifying criteria for participation.

^ Submitted for publication May 19G7.

(43)
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Participants eoiitaeted by area, on 10 calendar days from ^May 22
tlirouo-h September 10, l!)(i(), nnmlicred as follows: l^itret Sound—^69,
Juan de Fuca Strait—239. and tlic soutlnvest Wasliinofton coast—201.

Puget Sound anglers ])ai-ticip;i1('(l ;it r)lympia, Tacoiiia. Seattle, Ed-

TABLE 1

Frequencies That Various Names Were Used for Identification

of Species in the Survey

Species*
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monds, Mukilteo, and Seabeek on Hood Canal. Juan de Fuca Strait

anglers were contacted at Freshwater Bay, Crescent Bay, Sekiu, and
Neah Bay. The coastal sites were Ilwaco and Westport. There was no
indication tliat an individual participated in tlio survey more than once.

Specimens

All of the fishes used were included specifically or categorically in

Clark's (1962) survey. Half of tlie salmon and all of the other speci-
mens were collected by angling in Puget Sound. The other salmon were
obtained from purse seine vessels at West Beach off northwest Whidbey
Island.

The nonsalmonid fishes used, except the shiner perch (Cymafogasfer
0{/i/''<^'{/fl'/«), are commonly taken incidentally by Washington salmon

anglers. Average lengths (Table 1) were weighted by the number of

anglers attempting to identify the various sized specimens. The mini-

mum legal total length for Washington sport-caught salmon is 16

inches (37 cm fl) on Puget Sound and 20 inches (46 cm fl) off the

coast and on western Juan de Fuca Strait.

The salmon were dressed as soon as practical, by removing viscera

and gills without severing the isthmus. Care was taken to keep scales

intact. The other fishes were not dressed. Specimens not used immedi-

ately were wrapped in plastic and aluminum foil and stored in a

freezer. The nonsalmonid fishes were often collected on the day of the

survey. Specimens were used a maximum of two days and were kept
on ice during this period.

FIGURE 1
—
Typical display of survey specimens. Photograph by Ronald E. Allen.
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Equipment

The survey specimens were displayed from a portable ice chest 28

by 11 inches by 13| inches deep, inside dimensions. To display llic fisli

to survey participants, a tray contaiiiin<r lialf of the fisli was removed
from the chest (Fiyure 1). Eaeli specimen was marked witli a tag
bearing a number from one to four. The displays always involved four

fish; tliree Avere any combination of cliiiiook and eolio salmon and one
was a nonsalmon.

Survey

Subjects were approaelied and asked: "Would you care to participate
in a survey the Department of Fisheries is conducting on identification

of different kinds of fish?" Nearly everyone approached was willing
to participate. Individuals and groups of not more Ihan six ])ersons
at a time were involved.

Participants ^vere directed 1o llie display and given a 3- by o-inch

card willi tlie numbers one through four on it. All cards given to any
one group were numbered in either red or blue ink. All participants
were then told: "In tliis ice chest, I have four fish displayed and
numbered one through four, corresponding to the numbers on the card

you were given. I Avould like you to look over these fish and try to

identify them. These fish were all caught in Puget Sound and Ihey

may or may not be all the same kind of fish. You may handle the fish

if you wish. May I caution you that I want only unbiased information.

so please write your most precise answers on your card ^vi1llou1 mak-

ing any comments."
About half of the participants, on each day of the survey, responded

on red-numbered cards and were given a clue to identification:

"Chinook salmon, also called blackmouth, have tlie teeth of their lower

jaw protruding from all black gums." The clue was then repeated
once. Tlie other participants, responding on lilue-numbered cards, were
not given the clue.

The cards were collected as the subjects finished the survey. If any
irregularities arose, such as someone talking so as to bias tlie answers,
the affected responses were discarded.

RESULTS

The frequencies with which various names were used were tabulated

(Table 1). Different spellings or abbreviations of a single name are

not included. Each of the four responses by individual participants
is tabulated. ''No response" means the numbered s)>ace on a card

representing a specimen M^as left blank.

Chinook Salmon

Names used by the respondcnis and judged as reflecting recognition
of this species were: blackmouth, king, chinook, and tyee. "P>lack-

mouth "
is a local tcn-m for immature chinook salmon. The name

"chinook" com])rised only ]0.0% of the correct responses (Table 2).

Had th(> survey included sites adjacent to Georgia Strait, undoubtedly
the name "spring" would have been encountered and considered cor-

rect.
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The percentao-es of correct responses witli and witliout the identifi-

cation clue were 69.7 and 52.9%, respectively (Table 2). Tlie difference

is statisticallj' significant (y/ = 36.83, Avitli 1 d.f.). In judging re-

sponses involving chinook and colio salmon, the terras "salmon" and

"jack salmon" were considered neither correct nor incorrect.

TABLE 2

Effects of the Chinook Salmon Identification Clue on Participants' Ability to

Recognize Chinook and Coho Salmon
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responses for nonsalmonid fishes were correct. Only 70 of these 909

responses Avere uses of names recommended by tlie American Fisheries

Society (1960) : 68 for lingcod and 2 for sablefish.

CONCLUSIONS

1. IMarine salmon angling regulations in Wasliiiigton. varying by
species, would be impracticable Avitliout iiiipi-dviiig general ])r()fi-

ciency in species recognition.

2. Washington anglers are capable of improving their ability to recog-
nize salmon sj)eeies ^itli i-elatively little instruction.

3. Washington anglers appear to have more difficulty identifying coho

salmon less than 26 cm fl than larger coho.

4. The results of this survey cast doubt on data Clark (1962) may
have obtained from Washington marine anglers regarding the iden-

tity of their catches.

5. Participants in this survey infre(]uently used common names rec-

ommended by the American Fisheries Society (1960) for all species

involved, except lingcod (Ophiodon dongaius).
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TWO FISHES AND A MOLLUSK, NEW TO CALIFORNIA'S

MARINE FAUNA, WITH COMMENTS REGARDING

OTHER RECENT ANOMALOUS OCCURRENCES^
ALEC R. STRACHAN, CHARLES H. TURNER,

and CHARLES T. MITCHELL
Marine Resources Operations

California Department of Fish and Game

The purple brotula (O/i'gopus diagrammus), rainbow scorpionfish

(Scorpaenodes xyri's), and blunt-knobbed scallop (Lyropecten subnodosus)
are reported as new to California's marine fauna. Morphometries are

given, and keys to the California genera of Brotulidae and Scorpaenidae
are presented.
A white gorgonian (Lop/iogorg/a cf. chi/ensi's) and a sponge (Myca/e

bellabellensis) are recorded to extend their known range, while the

club-spined urchin [Eucidaris thouatsii) is reported as the second specimen
from southern California.

INTRODUCTION

Each year numerous noteworthy marine animals are recorded from
southern California waters by the staff of the California State Fisheries

Laboratory at Terminal Island. The following report discusses sis

species that were noted in areas outside their previously known ranges:
two fishes, a scallop, a sea urcliin, a gorgonian, and a sponge.

Except for the club-spined urchin (which was recorded once before

in southern California waters), all represent lengthy range extensions;
and three, two fishes and a moUusk, are new to California's marine
fauna. We presume the five soutlierners originally Avere brought north

during the warmwater years (1957-60) discussed by Radovich (1961)
or during an earlier influx of warm water from the south. The north-

erner (the sponge) is possibly within its normal range or may have
come south during a recent coldwater period.

OUGOPUS DIAGRAMMUS (HELLER AND SNODGRASS, 1903),

PURPLE BROTULA

Four purple brotulas (Figure 1) were caught by California Depart-
ment of Fish and Game biologist-divers in 60 feet of water in a cave

near Fish Hook, San Clemente Island, California (lat. 32° 50' N., long.
118° 21.5' W.). Three were collected on February 24, 1966, and the

fourth on May 27, 1966. All were captured by using a respiratory

poison, "Chem-Fish Collector".

The 0. diagrammus caught on May 27 was kept alive in an aquarium
for 2 weeks. During this time, Jules M. Crane, Jr., of Cerritos College

injected it with 0.1 cc of adrenalin to see if luminescence could be

induced. It did not luminesce but "bleached" from a normal dark

1 Submitted for piiljlication June 19G7. This work Avas performed as part of Dingell-
•lohnson Project California P-22-R, "Environmental and Behavioral Studies of
Coastal Sport Fishes", supported in part by Federal Aid to Fish Restoration funds.

(49)
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FIGURE 1
—
Purple brotula, Oligopus diagrammus, captured in 60 feet of water off San

Clemente Island, California, February 1966. Photograph by Jack W. Schoff.

purplisli-browii to a j)al(' pink, luakiiig its two lateral lines more ap-

pai'ciit. Tw(Mity-t'()Ui" lioui's later it reu'ained its natural color.

In his review of tlie <i-enus, Cohen (l!j(i4) mentions tlie Iviiown records

for 0. dingraniniiis and extends their range froin the (ialapagos Islands

(orio-inal description) to Guadalupr Ishmd and southern Baja Cali-

foriiia. Our San (Memente Ishmd specimens extend its (list i-i])u1 ion

an additional 250 miles nortlnvard.

Cohen's study nmterial ranged from ;!4.5 to 184 iiim si.. ()ui' speci-
mens, 35 to 120 mm sl, fall Avithin this size range and auree with his

in all resjiects. However, in view of the small number of known speci-

mens, we are presenting certain measurements and counts (Table 1).
These were taken from the left side whenever possible and follow
Ilubbs and Lagler (1964). Some of the meristic counts were taken
from X-rays.

TABLE 1

Measurements and Counts of the Three
San Clemente Island Oligopus diagrammus

35.0
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chances of establishing breeding colonies in these normally cooler

northern (for them) waters are considerably enhanced.

Altliough tliey may become well established and numerous, it is

doubtful tliat many will be collected; they are quite retiring and
secretive. Those that we collected were inside an underwater cave and
either far back in small crevices or in large (basketball-sized) coral

heads. Tliey appear easily confused b}^ light and quickly retreat from it.

Since tlie addition of Oligopus to our fauna brings to five the number
of brotulid genera in our waters, we have constructed a key to aid

future workers in their identification.

la. Pelvic fins absent Lamprogrammus
lb. Pelvic fins present 2

2a. Pectoral rays arranged in two groups, several of the lower ones

being separate and much produced (filamentous) Dicrolene

2b. Pectoral rays not as above 3

3a. Dorsal and anal fins distinct from caudal fin Brosmophycis
3b. Dorsal and anal fins not distinct from caudal 4

4a. One lateral line Cataetyx
4b. Two lateral lines Oligopus

AVe also propose purple brotula as the common name for Oligopus

diagrammus, drawing attention to its coloration as a recognition aid.

The three purple brotulas collected in February 1966 have been

deposited in the fish collections of the Los Angeles County Museum of

Natural History (LACM 8981-1).

SCORPAENODES XYRIS (JORDAN AND GILBERT, 1822),

RAINBOW SCORPIONFISH

On May 27, 1966, we collected a single S. xyris (Figure 2) from a

cave in 60 feet of water near Fish Hook, San Clemente Island, Cali-

fornia (lat. 32° 50' N.. long. 118° 21.5' W.). It was stunned with
"Chem-Fish Collector" and netted as it drifted from its liiding place
in a crevice. Subsequently Ave observed, but did not collect, several

FIGURE 2—Rainbow scorpionfish, ScorpoenoJes xyns, captured in 60 feet of water off San
Clemente Island, California, May 1966. Photograph by Jack W. Schoif.



52 CALirORKIA FISH AXD GAME

additional spofimens at San Clcmpnte Island : 1 near Pyramid Light,
September 26

;
and 13 near Mosquito Anelioraye, 7 on November 28 and

6 on December 8, 1966. These fish were all approximately 5 inches long.
All "Were hiding in crevices and eaves at 60- to 80-fo()t deptlis.
On ^lareh 21, 1967. Ave collected a S. xijris at Istlimus Reef, Santa

Catalina Island. California (lat. 33° 27' N., long. 118° 29' W.). We
employed quinaldine to stun this fisli. netting it as it floated out of its

hiding ])laee in a small cave, SO U'vi beneath the surface. It "was still

alive in an aquarium at the California State Fisheries Laboratory 60

days later.

The rainbow scorpionfish is new to the marine fauna of California,
our collections having extended its range some 250 miles northward
from Guadalupe Ishmd. It had previously been collected from the Gulf
of California soulli to l^-uador (Boyd AV. Walker, pers. comm.) and
possibly to Peru (Xiehols and Murphy. 1944). Cai-j L. Ilubbs (pers.
comm. I has collected several *S'. :r]iris from Guadalupe Island and re-

ports all were larger than individuals found in tlie (iulf of California.

In keeping with this trend, our 5-inchers are also larger than the 11-

to Si-iiicli specimens typically collected throughout the Gulf. In all

other respects, our speciinens are similar to those previously recorded.
Our San Clemente Island fisli was a female with egg-filled ovaries,

indicating a summer spawning. This is opposed to the Aviiiter-sjiring

spawning typical of other local scorpaeiiids. This specimen exhibited

13 winter rings on its otolith (John E. Fitch, pers. comm.), suggesting

TABLE 2

Measurements and Counts of the

San Clemente island Scorpaenodes xyris

Measurements*
Stuniiard length 125.7
Head length 373

Bony interorbital width 0.^8

Snout length _. Ill

Bony orbital width 104

Bony suborbital width 036

Maxillary 177

Least depth of caudal peduncle 101

Ventral peduncle length 171

Dorsal jjedunole length 115

Anal fin base l.">4

Pectoral fin base 125

Longest pectoral ray, 10th ray 288

Longest ventral ray, 2nd ray 235

Length of ventral fin spine 178

Longest dorsal fin spine, 4th spine 134

Longest anal fin si)ine, 2nd spine 215

Counts
Dorsal rays (X-ray shows last ray branched) XII, I-IO

Anal rays (X-ray shows last ray branched) 111-6

Pectoral rays (all simple) 19

Ventral rays 1-5

Vertebrae 25
Gill rakers outer arch, total 20

Upi)er limb 6
Lower limb 14

Pored lateral line scales approxi.nately 45-48
Sex female

Stomach contents —(remains of one shrimp)

* Standard length in mm, all other measurements expressed per mille si,.
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that it liatched about 1953, before the warmwater years of 1957-60.

Because of its secretive habit (living in crevices and eaves) and its

similarity in appearance to juvenile sculpins (Scorpaena guttata), it

may have been overlooked in prior collecting at these offshore islands.

The addition of Scorpaenodrs xijris to our fauna brings to four the

scorpaenid genera found in California, so we are presenting certain

counts and measurements for our San Clemente Island fish (Table 2)
and have constructed a simple key to aid other workers in separating
these genera.!r^^

la. Dorsal fin spines typically 12, vertebrae 24 Scorpaena
lb. Dorsal fin spines typically 13 or more, vertebrae 25 or more 2

2a. Dorsal fin spines 15 or 16, vertebrae 29 Sehastolohus

2b. Dorsal fin spines typically 13, vertebrae 25-27 3

3a. Palatines present Se'bastodes

3b. Palatines absent Scorpaenodes

We propose rainbow scorpionfish as the common name for this species,

drawing attention to its polychromatic coloring as a recognition aid.

The 8. xyris collected on May 27, 1966, has been deposited in the

fish collections of the Los Angeles County Museum of Natural History

(LACM 8921-1).

LYROPECTEN SUBNODOSUS (SOWERBY, 1835), BLUNT-KNOBBED SCALLOP

During September 1963, two living Lyropecten siil)nodosus were
collected by Kichard Anderson of Los Angeles. Both were taken in 125
feet of water off Long Point, Santa Catalina Island, California (lat.

32° 24' N., long. 118° 22' W.). The shells measured 155 and 150 mm
high, 156 and 152 mm wide, and 82 and 76 mm through the valves,

respectively. The 150-mm shell exhibited three and possibly four

''growth" rings, with some additional marginal increment (Figure 3).

On February 26, 1967, a third living L. siihnodosus was collected at

Cherry Cove, Santa Catalina Island, California (lat. 33° 27' N., long.
118° 30' W.) by Kobert F. Meistrell, co-owner of Dive 'N Surf dive

shop, Redondo Beach. This scallop was found on the open sand at a

depth of 20 to 30 feet. It measurecl 140 mm high, 149 mm wide, and 62
mm through the valves. Although the smallest of the three specimens,
it had 8 and possibly 9 "growth" rings. If these rings are indeed

annual, all three scallops arrived as larvae sometime between 1958 and

1960, the warmwater years discussed b}^ Eadovich (1961).
Grau (1959) gives the geographical distribution of this species as

western Baja California, Scammon Lagoon to Cape San Lucas, and
from the Gulf of California to Negritos, Peru. He records its bathy-
metric range as low tide into depths of 60 fathoms. Finding these bi-

valves at Santa Catalina Island extends their range some 400 miles
northward.
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FIGURE 3— Blunt-knobbed scallop, Lyropecfen subnodosus, from 125 feet of water off Santa

Catalina Island, California, February 1967. Phofograph by Jack W. Schott.

Wo have no information reii-ar(lin<i' tlioir ability to reprodiu-o here;
tlie flesh liad been removed from tlie sliells when we examined tliem.

Scallops of tliose proportions would be a welcome addition to Cali-

fornia's marine fauna if a population of harvestable size became estab-

lished.

LOPHOGORGIA CF. CHILENSIS, WHITE GORGONIAN

On October 29, lOfiS, California Departmcnl of Fish and Game
biologist-divers collected an unusual white gorgonian (Figure 4) in

120 feet of water at Ship Rock, Santa Catalina Island (lat. 33° 27.5'

N., long. 118° 30.;V W.). Another white gorgonian was picked np on

January !), 1964, off Eocky Point, Palos Yerdos Peninsula (lat. 33°

46.5' N., long. 118° 25.5' W.) by Robert F. Meistrell. In each instance,

the white gorgoni;in was growing among pink gorgonians, Loplwgorgia
cJnlrnsIs (Verrill), on a rocky substrate.

In gross morpliology and microscopic appearance of the spicules,

both white specimens closely resemble this pink species. This pure
white color phase, common in tlie Gulf of California and along the
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FIGURE 4—White gorgonian, Lophogorgia cf. chilens'is, collected in 120 feet of water off Santa

Cataiina Island, October 1963. The insert specimen is the typical pink form of L. chilens'is.

Photograph by Jack W. SchoH.

outer coast of southern Baja California, was previously unknown in

southern California waters.

A monthly growth of 10 mm has been recorded for L. chilensis (C. H.
Turner, E. E. Ebert, and R. R. Given, MS), and we assume that the
wliite form grows at a similar rate. Since our two specimens measured
406 and 410 mm, a 10-mm monthly growth rate would make them 40
and 41 months old, respectively. This would indicate their arrival (as

pelagic larvae) in June and July 1960, near the end of the warmwater
period discussed by Radovich (1961). With the continued use of
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SCUBA 1)\' spoi't niid scientific divers, uc ;iiit icipatc additional finds of

this iiiitui-c. wlncli sliduld tirlp clai-irN- tin' iKuiiciiclal ure of pink and
Avhitc Loiiho(/(j)-<ji(i.

MYCALE BELLABELLENSIS (LAMBE, 1905), SPONGE

On Nox'ciiihci' 1.1. lIKiii. ill!' purse seiner SI. Anllinini snagged an
unusual t'uniiel-sliaix'd sponge, Mi/cdU hi Ihihi Ih iisis. on ])ago Bank
off Bong Beach. California (lat. 'SA'^ 'AS' S., long, lib 11.5' \\.), where
the depth was aj)pr()xinuit('ly 10 fathoms. The largest piece of tliis

sponge, 28 cm high and is em in diameter, "was brought to us for

identification.

De Baubcnfels (11)32) reports the type locality of M. btllabclUnsis

as off the west coast of Canada and mentions other specimens from

Monterey Bay, California. He lists its bathymetric range as 50 to 800
meters (25 to 400 fathoms). Ujita (1!JG5) reported 10 of these sponges
from northwest of Cape Mendocino (lat. 40° 34' N., long. 124° 35' W.)
in 70 to 80 fathoms of water. The St. Anthony collection extends the

known range of M. bcllahelle^isis some 280 miles southward from Mon-
terey Bar. We believe southern California is possiblv within the noi-nial

range for this sponge. Failure to "find" it until now may be due to

inadequate collecting in this area.

EUCIDARIS THOUARSII (VALENCIENNES, 1846), CLUB-SPINED URCHIN

On December 2\), VJii'S, Bobert F. Meistrell collected a club-spined
urchin while he was diving in 30 feet of water in Emerald Bay, iSanta

Catalina Island (lat. 33° 28' N., long. 118° 31.5' W.). It was living in

a deep fracture of a solitary rock which was surrounded by sand and
was wedged in so tightly its test had to be broken to get it out. j\Ieis-

trell sent the fragment of this urchin to California State Fisheries

Laboratory, where it was identified as Eucidaris thouaraii, the second

specimen recorded from southern California waters.

The other club-spined urchin (Fitcli, 1962) w^as collected off St,

Catherines Bay, Santa Catalina Island, in 70 feet of water and set a

new size record for the species.
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BOOK REVIEWS
A Sand County Almanac

By Aldo Leopold; Oxford University Press, New York, 1966; xv -f- 269 p., illustrated. $6.50.

'J'liis 1k)()U is ii rcissMc nt' .1 Smnl Cinnihi .Mimnnir liiii i iicl lulcs ('if;ht essays from
li'ouinl Hirer. Some iiiiiinr i-c\ isimis have iiccn ni.-ii|c> in ilii' nriLciii;i1 to\f "where
dated references ser^•('ll mily to distraet the render". 'I'his neat lililr Milmnr is at-

tractively illustrated hy Charles W. Seluvart/,.

Leopold was a rare indi\idiial with a tiiH(]iio appreeial ion nf the iiaiin;il envinni-
ment and the ability to express this appreciation in the written word. Tiie result
is i)leasant to read. Ilowevei'. all \\U] not lie ]ileasure in rea<linir this hook. The
destruction of the nalnral environment in the t'a<-(' of aih ;inciim' clr\ rlo]inient of

civilization is ixiinted out loud and <'li>ar. ('ertainly sinee Lropoiii's deatii in l!Ms
this destruction has iii'oceeded at an accelei-ated pace.

(Jroups and indi\iduals interested in preserviii}; the natui-al environment need
all the ideas and ammunition they can muster in Kt'ttin;,' their ideas across to f;o\-

ernniental and policy making bodies. A Sand Counii/ AIiikukic is an excellent

source.—C. M. Ferret.

California Natural History Guides

University of Cahfornia Press, Berkeley and Los Angeles.

Through 10(i6, 20 authoritative little ])aperbound booklets have been imblishid
in this continuing series, covering a multitude of sui).jects from geology and weather
through trees, bulterllies, and mammals. Some of these contain as few as (tl images

(not counting the 8 pages of color pictures in each), while others exceed twice that
number. Prices range from $1.50 to $1.95 each.

The intent of the series is to familiarize the reading publie w iib details i-eganling
our natural heritage: species, emironment, ecology, natural history, laws and

regulations, conservation, etc., and to aid one in identifying and interpreting the

things we see.

Many educational institutions including colleges and universities are using these

booklets in classroom instruction Ix'cause the information they contain is factual,
concise, and up-to-date. 'I'ext ligui-es (maps, sketches, and shaded drawings) are

liberally spriidiled throughout, and each booklet typically contains eight pages of

color pictures (photographs or paintings). Several color plates in booklets I have
seen should not have been used because the second color run did not fall exactly
on the first—the effect is dizzying, to say the least.

Four of the latest liooklets called to my attention (others undoubtedly will be

published before this review) are entitled Cadi of Culifoniia (64 p.). The Climate

of Southern California (87 p.), Seashore Plant.s of Southern California (101 p.),
and SrasJiore Plants of Northern California (103 p.). All four of these were ptd)-

lislied in T.)(!0; the one on climate was authored by Harry P. Bailey, and the other
three by E. Yale D.awson—certainly anumg the last manuscripts he completed
before his untimely death last year. The booklet on cacti sells for $1.50, while the

other three are listed at $1.75 each.—John E. Fitch.

Invitation to Archaeology
By James Deetz; The Natural History Press, Garden City, N. Y., 1967; x + 150 p., illu-

strated. $1.25 paper, $4.50 cloth.

It is high lime that fishery biologists and iciil liyologist s showed a more active

interest in archaeology if we ;ire ever to do more th;in six'culate ai)out origins .-ind

.•illinities of present-day fish faunas, if we wdsh to learn factual details regarding
primitive fisheries, or if we are even remotely curious about the world around us.

The contents of Indi;in middens are our only hope for bridging the 10,000-year gap
between living fishes and I heir fossilized ancestors of Pleistocene times. Considering
the rate at which Indian village sites ar(^ being wiiKMl out, buried, or otherwise

(58)
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destroyed by our "progressive" modern civilization, the opportunity to malie a

thorouglily comprehensive study already has passed us by.
Invitation to ArchaeoJogy presents "in brief form the essential hows, wheres and

whys" of the subject, and is written in an easy-to-understand style. Regardless of

one's formal training in the science of archaeology, this handy little book is worth
owning for its instructi\oness or as a refresher course.—John E. Fitch.

Poisonous and Venomous Marine Animals of the World

By Bruce W. Halstead; United States Government Printing Office, Washington, D.C.,

1965 [to 1968?], three volumes. $50.

Few scientists are able to garner enough knowledge in a lifetime to produce a

treatise such as this, and even fewer have the ability to write lucidly and meaning-
fully of their work. Apparently neither of these was an insurmountable obstacle to

Bruce Halstead, nor was he lacking in "drive", a necessary ingredient for completing
such a task.

Although the first volume in this monumental series carries the publication date

of 1965, I do not know of anyone who received a copy vintil several months of 1966
had passed. Publication of the second volume (on fishes) has been delayed until the

fall of 1967 (it should be out before this review), and I am told the final part
(involving fishes, sea snakes, polar bears, etc.) will be forthcoming during 1968.

None of the volumes can be purchased separately—the $50 "subscription" price
includes the set of three.

Volume 1, a beautifully-bound book measuring 9 by 12 by 2^ inches, comprises
994 pages, and covers the various phyla of marine invertebrates which contain
venomous or iioisonous members. The first 157 pages are devoted to the "History
of marine zootoxicology" from medieval times to the present. It makes very interest-

ing reading, and is liberally sprinkled with illustrations. In a section of this entitled

"An annotated list of contemporary workers in marine biotoxicological research",
Dr. Halstead has provided a photograph of each individual, and a brief biographical
sketch.

For each phylum, a compendium of information is routine. Lists of reportedly
toxic species are followed by lists of suspect species, and there are narrative accounts

dealing with the history of research, biology of organisms involved, mechanisms of

intoxication, medical aspects, public health aspects, etc. The data for each phylum
are fully documented, and page after page of exquisite photographs, paintings, and
sketches (many in color) have been used to illustrate details of topography, structure,
and anatomy of toxic organisms, and, in many cases, the havoc they wreak upon
victims of their toxins.

I anxiously await the arrival of volumes two and three, and heartily recommend
that those who have not yet purchased a set do so immediately. I would not like to

take the chance that the "treatise" will be reprinted once the initial supply has been
exhausted.—John E. Fitch.

Fishes of the Atlantic Coast of Canada
By A. H. Leim and W. B. Scott; Fisheries Research Board of Canada, Ottawa, 1966;

Fisheries Research Board of Canada Bulletin No. 155, 485 p., illustrated. $8.50.

The "nearly 300 specie.s" of marine fishes inhal)iting the Canadian Atlantic coast-

line (approximately 21.000 miles) seaward to approximately the 1,000-fathom curve
are discussed in this volume. Species accounts generally include English and French
common names (the English common names are not always identical to those recom-
mended by the American Fisheries Society), scientific names, descriptions, and nat>i-

ral history data including size, color, distribution, biology, and economic importance.
Identification keys are scattered throughout the volume ; those to major groups
appear early, while generic and specific keys are conveniently placed with appro-
priate families.

Drawings (some more artistic and accurate than others) are given for 2 cyclo-
stomes, 27 elasmobranchs, 3 chimaerids, and 204 teleosts, and there are four color

plates. Some pictures are erroneous and others have not been placed where they
should be, especially those of the myctophids.
Some of the biologic information badly needs updating, and the overall quality of

the text appears to be below the capabilities of either author. This probably is a
reflection of the break in continuity resulting from the death of Dr. Leim (who was
preparing the book) in 1960 and the completion of the book by Dr. Scott, who
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had littlo oji])ortiinity to do a comprohensive revision in his own style because of

time liiiiitatiuns placed upon him.

Ke^M^dlcss of these drawbacks, the volume bridges a long-standing gap in our
knowledge of Canadian Atlantic fishes, and should prove extremely useful to fishery

biologists and ichthyologists throughout the world.—John E. Pitch.

Modes of Reproduction in Fishes

By Charles M. Breder, Jr., and Donn Eric Rosen; The Natural History Press, Garden City,

N. Y., 1966; XV + 941 p., illustrated. $17.50.

'I'lie ruliiiiniil inn nf ;;;i years of lilcrature research, review, and abstracting, this

volume contains a wealth of (ii\('rsilied infoiiuation pertaining to the reproductive
habits of lishes. 'J'he primary purpose for comiiiling the volume was ". . . to amass
in one place all the data that have been accumulated on the subject in order to

appraise, analyze, and digest them". Coverage includes the classes of Amphioxi,
Agnatha, Chondrichthyes, and Osteichthyes. Approximately 1,500 of the presently

recognized L'O.tKtO species of fishes are referred to in some degree in the text. A
cursory examination will re\i'al that the detailed information is concentrated on
two groups of lishes—those that are the subject of fi.sh-cultural activities and those

prized by the aquarist. As stated by the authors, "The material itself is most uneven,
and there are great gaps where there simply are no data." Omission of certain

references has created a scai'city of data for several imi)ortant and studied species.

Coverage of the reproducti\e habits is more complete (but understandably general)
at the family or .subfamily level than at the species level.

Three sections comprise the textual portion of the volume. The systematic section

represents the main body of the text. Data are presented ". . . within the frame-
work of cun-ent fish classification". Se\eral teleostean groups have been taxonomi-

cally rearrangetl and the resulting classification may be confusing. General state-

ments of the reproductive habits of families, and in many cases subfamilies, are

followed by more detailed data pertaining to individual species. Species data con-

cerning breeding season, breeding site, migration, secondary sex characters, sex

discrimination, competition for mates, courtship, mating, and parental care are

presented. Comprehensive discussions of all the areas of treatment for any single

species are infrequent.
The second section summarizes the modes of reproduction for the broad groups of

Agnatha, the nonteleost gnathostome lishes, and the teleost fishes. For the latter

group, generalizations are made within the topics of mating associations, mating
habits and breeding sites and migrations, egg types and parental care, and secondary
sexual characters and mating patterns.
The third section consists of 58 pages of charts comparing the fish families on the

basis of secondary sex characters, mating, breeding sites, i)roducts, parental care,

and migration. Comparison can l)e made between chief rei>roductive characteristics

and current concepts of morphological relationship.

Approximately 4,000 references are included in the 231-page bibliography. The
systematic index is extensive and greatly facilitates the use of the text. L'nfortu-

natel.\ ,
the printing aiul binding are of substandard (luality, especially considering

the relative high cost of the volume. The authoi-s have accomplished a remaikable
task in compiling this volume. However, attempting such a broad subject appears
to have been deleterious to the intended result.—Keith li. Anderson.

Fisheries Year Book and Directory 1966—67
Edited by Harry F. Tysser; British-Continental Press Ltd., London, 1966; 467 p., illus-

trated. $6.

The 1066—67 edition of the Fi.shcrics Yc(ir Book (iiid Dirrctori/ cont.iins an inter-

nati()nal reference ;in(l directory compiled for firms engaged in the fishing industry
and fishing trades. Inf(U'mation on approximately !X) varieties of market fish and
over 6,000 contributing firms is presented.
A world fisheries survey of 30 nuijor fishing nations provides the hai-kground for

the editorial and reference material that follows. Catches, product production, and

fishing fleet status ai'e included in the survey.
The (>dilorial chai>ters present a summary of de\elopments in the preservation,

selling, and (juick-freezing of fish, fish meal, and oil, as well as an international

survey of mnv fishing vessels and e()uiiiment. A chapter highlighting fisheries research

in the United Kingdom is also included.
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Reference chapters cover a dictionary of fish names in eight languages, a fish

supply calendar, and listings of organizations and trade associations, trade journals,

and fishing vessels completed or on order in 19G5.

In the directory section, listings are provided, l)y national origin, of firms engaged
in exporting, canning, manufacturing liy-i)i'()ducts, supplying machinery and e(piip-

ment for processing and packing, selling ship equipment and supplies, providing
cold storage, and engaged in transport. A list of newly amended trademarks and
brands, and a classified Buyer's Guide are also included.

The wide range of information presented in the Fisheries Year Book and Directory
makes this book a valuable reference to all people interested in fisheries.—J. Gary
Smith.

Advances in Ecological Research, Volume 3

Edited by J. B. Cragg, Academic Press, London and New York, 1966; xi + 324 p., illu-

strated. 80s.

This third volume of the series includes four interesting and useful papers. T. B.

Reynoldson describes his field investigations to determine the distribution and
abundance of lake-dwelling triclads (Planaria). Manfred D. Englemann evaluates

the growth and development of the science of terrestrial energetics, and animal

productivity. J. E. G. Raymont reviews what is known about the production of

marine plankton. H. Clomp describes the results of his 15-year study on the popula-
tion dynamics of pine loopers (a moth) in a scotch-pine plantation of Norway.
Each of the papers is well written, interesting, and useful to anyone technically

involved with ecology.
In my opinion, this is the best of an outstanding series. Editor J. B. Cragg has

done a fine job.
—7^. W. KiJleij.

Summer Island: Penobscot Country
By Eliot Porter; edited by David Brower; Sierra Club, San Francisco, 1966; 200 p., illus-

trated with 48 color and 48 varnished gravure photographs. $25.

In word and picture, Eliot I'orter has woven a hauntingly delicate and beautiful

account of his long association with the wonderful islands of Penobscot Bay on the

Maine Coast. Coming for his first summer on Great Spruce Head Island when he
was eleven years old, the author grew and matured with its waters, rocks, plants,
and animals and came to know them intimately.

On this island of several hundred acres, which was acquired by his father as the

family summer home, interference and manipulations by man have been kept to a
minimum for half a century. "There one may watch nature freely manifest herself

in the chain of succession from one living form to another, from season to season,
and from decade to decade. Birth, germination, growth, and death follow an
inevitable sequence."

Porter shares superbly his explorations and experiences in this changing scene.

Giving up a teaching career in biochemistry and bacteriology at Harvard, he has
won international acclaim as a photographer of nature in color. His first two
Sierra Club publications. In Wilderness is the Preservation of the World and The
Place No One Knew: Olen Canyon on the Colorado, have received high critical

acclaim and have been considered among the world's most beautiful books.
The Sierra Club is to be congratulated on this lovely addition to its Exhibit

Format Series.—Leo Shapovalov.

Rising Trout

By Chales K. Fox, Foxcrest, Carlisle, Pa., 1967; 178 p., illustrated. $7.50.

This volume, although similar to the author's previous work, "This AVonderful
World of Trout", does not overlap it. The main theme, of course, is fly fishing.
Included are discussions of the development of several fly patterns, ways to present
wet and dry flies, night fishing for large browns, and the false riser or fish which
come up short of the fly. The latter is considered the greatest prol)lem, and presents
the grand challenge.

There are several errors in the nomenclature of the mayflies, but, while discon-

certing, they do not materially detract from the book.
A good deal of philosophy is expounded in the last several chapters. I thoroughly

enjoyed this description of the fly fisherman :
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"Let us investigate furtlier this discriminating descendant of Cro-Magnon who
waves a fairy wand as he wades in a sti'cain. Involved is a strange paradox, in fact

the strangest for an,\' spoi't and soinciliin^ positively ronl'niindiim to ilir nonangler.
He sets forth to catcli lisli, hut he does not want to cat<-h them too easily. lie liUes

to catch lai-ge ones, hut he does not want all of them to he the same size. He does
not liki' to ]ia\(' till' experience of fish getting awa.v, hut he does not wish to he

successful in laiidinu- all he liooks. Just hecause he is after fish does not mean he
must kill i.iili ill iiirii ,is ii is reduced to possession. Ohviously, necessar.x rciniin'-

nients in liis siu-ccss forunila are a certain degree of failure and considcraiilc uu-

certaint.v. The .vardstick f)f success for the serious anglei' is the degree of iiersmuil

satisfaction which is r«'alized. He revels in the challenge of ualiiral iiicilileiiis and

glories in the solution of some of them : that is angling."
This hocik. while desigueil pi-iniaril.v for lly fishermen, will hold the interest of

anyon(> who likes to iish or cares alioiil the h.-ihii.-it in which trout are found.—
LroiKiid O. Fisk.

Free For The Eating

By Bradford Angler; Stackpole Books, Harrisburg, Pa., 1966; 191 p., illustrated. S4.95.

This handbook is a down-to-earth sunuuar.\ of the great liouuty of wild vege-
tahle foods available fi-om woods and streamside. Campei-s. amateur naturalists,
or an.vone, with a little eft'ort. could locale, piep.ire. and I'at <ine or ,i nnnilier

of the wild iilaut products listed.

The writer suggests and details i-ecipes foi- SS wild fruits. iL'l dishes from
wild greens. 41 treats from roots and tiilnTs, 111 \\:i.\s to use wild nuts, and 117

hrews from wild plants.
He identifies food and beverage plants by common and generic names, and

includes sketches to aid in their discovery. Most foods discussed are found where
rainfall and growing conditions are optimal, as in the eastein 1 niicd States or
tlH» Pacific Ncu'thwest. In othei- parts of the country, plants of some of thi> g(>neric

groups found in these favored areas exist, hut their quality and ajipeal nuiy
differ radically.

This small hook, 5x8 inches, can be easily carried in the field, and will

provide fnn ;ind profit to the user.—Farke TI. Young.

The Earth Beneath the Sea (Revised Edition)

By Fronds P. Shepard; The Johns Hopkins Press, Baltimore, Md., 1967. xi + 242 p., illus-

trated. $6.95.

This is the revised edition of the work jitililished originally in III.")'.). The
revision includes a large amount of developments in the field oi submarine gi'ology
since the first edition. It covers virtually all facets of the under.sea world, from
the initial chapter on "Waves and Currents Modify the Sea Floor" to "Using
the Present Sea Floor Deposits to Interpret the Past", in Chapter 11. This

intriguing and absorbing work is written particularly so that the average person
without a technical background in oceanography or geology ciii understand it.

Upon completion of the book one can have an excellent overall idcture of sub-
marine geology and oceanography. Dr. Shepard's personal experiences in various
areas of the world during his 40 years of marine studies are extrenudy interest-

ing as he applies them to the theme of the book. The many illustratiims and
l)hotographs are well done and complement the text. I believe th.it anyone with
an interest in the sea, be it inciuiring, aesthetic, or scientific, should read this

well-written and informative book—Hugh L. Thowo.s.

Extinct and Vanishing Animals

By Vinzenz Zlswiler
|

revised English edition by Fred and Pille Bunnell]; Sprlnger-Verlag
New York, Inc., New York, 1967; x -f 1 33 p., illustrated. $3.40 (soft cover).

The author has done an excellent job of outlining the in-oblem of extermin.it i(ni

of animal faunas, citing examples from thi-onghoiit the world. Extermination may be

direct, as from man's use of the animals as food or from elimination to ]u-event
competition with domestic animals. Direct extermination is the simplest to identify
as to cause ;ind solution. Indirect extermination is ,i \cry comiilex i)i-ol)lem

—facets
of Avhich are not thoroughly understood. ( M' coiiise, indirect exti'iinination is tied
in to the various alterations of the environment by man's activities. Some of the
most di'amatic exaniid(>s of indirect extermiuat i(ni have occurred in island faunas
from the effects of introduction of \aia<uis exotic animals.
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From the subject of destruction of the world's faunas the author takes up
various means of reversing the trend and preservation. The author makes a plea
for research on natural faunas, pointing out that adecpuite knowledge to effect

preservation is available for but a relatively few species. Wildlife preserves are

essential, but the author wisely points out that often some form of habitat and
animal management is essential on the preserve area.

Animal forms already extinct and those in greatest danger of extinction are listed

in an appendix.
Altogether, this book is an excellent source of information on tiie problem of

preserving the world's faunas.— fj. M. Ferrel.

Sonar in Fisheries—A Forward Look

By D. G. Tucker; Fishing News (Books) Limited, London, 1967; 136 p., illustrated with photo-

graphs and drawings, .t- 1 17s. 6d. ($5.20).

Tlie author is a research engineer at the University of Birmingham, specializing
in the development of sonar for fisheries and oceanographic work.
The first section reviews the basic theory and operation of acoustic sounders.

The capabilities and limitations of ordinai-y existing equipment are especially
stressed. The reader receives a fairly good background in the principles of under-
water acoustics, enabling him to comprehend other literature and terms dealing with
this subject.
The second section deals with a new sophisticated sonar system which presents

an underwater picture in a manner similar to radar. The author is highly optimistic
about this system for application to fisheries work. Fish school shapes, sizes, and
movements can be accurately displayed, and thorough search of an area can be
achieved. The major limitation is a reduced maximum range of detection.
The third and last section looks to the future for the development of new and

revolutionary .systems that overcome some of the major limitations inherent in the

l)resent ones. These advances could result in greatly increased ranges, use of a wide
range of frequencies with the same transducer, and a drastic reduction in size and
cost of equipment.
The first section can be understood by a reader without a background in elec-

tronics, but parts of the second and last .section are difficult to grasp in detail. The
book would be very useful to anyone using sonar or echo sounding in fisheries work.—Kenneih F. Mais.

Illustrated Dictionary of Names of Commercial Fishes from the Western Part of
the Pacific Ocean. In Latin, Russian, Chinese, Korean, Vietnamese, Mongolian,
Japanese, and English. (Illiusfrirovannyy Slovar' Nazvaniy Promyslovykh Ryb Zapadnoy
Chasfi Tikhogo Okeana na Latinskom, Russkom, Kitayskom, Koreyskom, V'efnamskom,
Mongol'skow, laponskom y Angliyskom lazykakb.)

Edited by G. U. Lindberg, Iran Kong Tarn, Chzhu Shu-pin (Editor-in-Chief), Kim Min Su,
and A. Dashidorzhi; Komissiia po Rybokhoziaystvennomu Issledovaniiu Zapadnoi Chasti Tikhogo
Okeana (Fishery Research Commission for the Western Area of the Pacific Ocean), Peking,
1964; iv -|- 601 p., illustrated. Price unknown.

This multilingual dictionary gives the common names of 866 freshwater and ma-
rine fishes, belonging to 46 orders and 272 families, of the western Pacific area
extending from Bering Strait to lat. 10° N. In spite of the title, this dictionary
deals with a considerable number of noncommercial fishes. Each species is illustrated

by a line drawing, and the sources of these illustrations are given. Literature con-
sulted is listed in a section of the dictionary. The fishes are arranged and numbered
according to Berg's "Classification of Fishes". Extensive cross-indexing allows the
reader to ascertain readily the name of each species considered in the dictionary
in any of the seven languages. The Chinese, Korean, Vietnamese, and Japanese
names are transcribed in the Russian alphabet. This feature is of special value to

those unfamiliar with the ideographs used in Chinese and Japanese, and with Korean
and Japanese phonetical writing. Unfortunately, no Latin transcription is provided
for the Russian, Chinese, Korean, Mongolian, and Japane.se languages. In some
in.stances, outdated scientific names have been used by the authors. A limited number
of synonyms is listed for some of the species. The numl)er of common names is not
vei-y extensive. The dictionary should be of special service to fishery biologists,

ichthyologists, translators, fishery literature compilers, and librarians in general.
The authors should l)e congratulated, since their polyglot dictionary provides the
scientific community with a very useful tool. W. L. Klaice.
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